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Abstract 16
We examine the tectonic evolution and structural characteristics of the Quaternary intermontane 17
Mugello, Casentino, and Sansepolcro basins, in the Northern Apennines fold-and-thrust belt. These 18
basins have been classically interpreted to have developed under an extensional regime, and to mark 19
the extension-compression transition. The results of our study have instead allowed framing the 20
formation of these basins into a compressive setting tied to the activity of backthrust faults at their 21
northeastern margin. Syndepositional activity of these structures is manifested by consistent 22
architecture of sediments and outcrop-scale deformation. After this phase, the Mugello and 23
Sansepolcro basins experienced a phase of normal faulting extending from the middle Pleistocene 24
until Present. Basin evolution can be thus basically framed into a two-phase history, with 25
extensional tectonics superposed onto compressional structures. Analysis of morphologic features 26
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has revealed the occurrence of fresh fault scarps and interaction of faulting with drainage systems, 27
which have been interpreted as evidence for potential ongoing activity of normal faults. Extensional 28
tectonics is also manifested by recent seismicity, and likely caused the strong historical earthquakes 29
affecting the Mugello and Sansepolcro basins. Qualitative comparison of surface information with 30
depth-converted seismic data suggests the basins to represent discrete subsiding areas within the 31
seismic belt extending along the axial zone of the Apennines. The inferred chronology of 32
deformation and the timing of activity of normal faults have an obvious impact on the elaboration of 33
seismic hazard models.34
35
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1. Introduction 38
The belt of the outermost hinterland intermontane Tuscan basins, located near the main 39
Apenninic watershed, is crucial for assessing the active tectonics and the related seismic hazard of 40
the Northern Apennines (Fig. 1). Classical models frame the post-late Miocene evolution of the 41
hinterland sector of the Northern Apennines into an extensional processes related to the opening of 42
the northern Tyrrhenian Sea. In this hypothesis, the basins, controlled by normal faults at their 43
margins, become younger from west to east, following the migrating extensional wave (Martini and 44
Sagri, 1993; Martini et al., 2001 and references therein). Along the main Apennine divide the active 45
stress field is also considered to be extensional, with a roughly NE-SW-oriented minimum stress 46
(σ3) axis, as suggested by focal mechanisms (Pondrelli et al., 2002, 2006a; Chiarabba et al., 2005). 47
The occurrence of compressive focal mechanisms along the northeastern side of the Northern 48
Apennines chain, as well as along the Romagna foothills, raises the question of the location of the 49
extension - compression boundary.50
The results of a large amount of structural and geophysical data (Piccardi et al., 1997; 51
Boccaletti et al., 1995, 1999; Bonini et al., 2001; Bonini and Sani 2002; Cerrina Feroni et al., 2006) 52
integrated with detailed stratigraphic information on the basin fill (Benvenuti, 1997; Benvenuti and 53
Papini, 1997; Benvenuti and Degli Innocenti, 2001; Benvenuti et al., 2001), indicate the evolution 54
of the internal sector of the Northern Apennines to be more complex as most of the oldest (late 55
Tortonian-late Pliocene) basins originated and developed in a compressive stress field, implying 56
that the effects of the Tyrrhenian opening were confined more to the west, in the current offshore 57
area (Fig. 1). The contacts between the deposits and the pre-Neogene substratum at the basin 58
margins is generally stratigraphic, while normal faults, when present, usually do not control 59
sedimentation but cut the whole sedimentary succession, thus postdating basin development. 60
The present paper examines three external continental basins, namely Mugello, Casentino 61
and Sansepolcro, which have been preliminarily interpreted to have formed under a compressive 62
regime active up to the end of the early Pleistocene (e.g., Boccaletti et al., 1999). Other 63
interpretations relate these basins to the presence of a large NE-dipping normal fault (Boncio et al., 64
2000; Barchi, 2007). Some of the normal faults present in the study area are very recent structures 65
(i.e., post-middle Pleistocene), showing the characteristics of potential active faults. Compressive, 66
extensional and strike-slip focal mechanisms with very different hypocentral depths may coexist in 67
this sector, and distribution of seismicity shows some clusters of events contrasting with areas 68
where earthquakes are scarce.69
Aim of this paper is (1) to give some insights for explaining the complexity of the seismicity 70
of this sector, and (2) to propose an integrated evolutionary model for the Quaternary tectonics of 71
this area, which has clear implications for assessing seismic hazard estimates.72
73
2. Tectonic framework74
2.1 Geological setting75
The study area, extends for about 130 km in length along the main Apenninic watershed and 76
covers a wide sector of the Northern Apennines chain (Fig. 2). The three late Pliocene(?)-77
Quaternary basins (Mugello, Casentino and Sansepolcro basins) are superimposed on the complex 78
nappe pile forming the Northern Apennines thrust-fold belt that developed during the Tertiary in a 79
continental collisional setting (Vai, 2001, and references therein). The uppermost tectonic units of 80
this stack are the ocean-derived Ligurian Units (Jurassic-Eocene), widely outcropping throughout 81
the area, together with their satellite basins (the so-called Epiligurian Units, Oligocene-early 82
Miocene in age; Ricci Lucchi, 1987; Boccaletti et al., 1990; Bortolotti et al., 2001). Scattered 83
outcrops of Sub-Ligurian Units (Paleocene-Eocene), deposited in the transitional zone from the 84
ocean to a continental passive margin, occur throughout the area (Fig. 2). All these units, which 85
were deformed during a Cretaceous-Eocene subduction-related orogenic phase, tectonically rest on 86
the Tuscan and Romagna Units (Triassic-Miocene) deposited on the thinned continental passive 87
margin of the Adria Plate. In the study area, these Tuscan and Romagna Units are mainly composed 88
of the typical turbidite successions, which filled the Apennine foredeep since the late Oligocene. 89
Tuscan units are formed by two major units namely the Macigno and the Cervarola-Falterona units 90
(Abbate and Bruni, 1987; Fig. 2). These thick (>2500 m up to 4000 m) turbidite successions are in 91
general detached from their stratigraphic substratum represented by slope marls, and are arranged in 92
thrust systems, which formed since the early Miocene. During this time span, turbidite 93
sedimentation was controlled by the northeastward advancing chain. Some of the major thrusts are 94
rooted at depth and interfere with the more superficial thrust faults, resulting in the complex 95
structural setting displayed on Fig. 2 (Ricci Lucchi, 1986). 96
The polyphase compressive tectonics, which gave rise to the current fold and thrust belt, 97
continued after the end of turbidite deposition, as suggested by out-of-sequence thrusting and 98
reactivation of older thrusts (Boccaletti and Sani, 1998; Finetti et al, 2005). The interpretation of the 99
evolution of the late Pliocene-Quaternary chain is still a matter of debate. Most authors consider the 100
Mugello, Casentino and Sansepolcro basins as grabens or half grabens, developed in an extensional 101
regime since  the Neogene (Coli, 1990; Martini and Sagri, 1993; Martini et al., 2001). In this frame, 102
other researchers inferred their development to be tied to a 200-km-long low angle normal fault 103
system (the so-called “Etrurian fault system” of  Boncio et al., 2000; Barchi, 2007; Mirabella et al., 104
2007).105
Our data, integrating widespread and detailed field mapping (sheets 252, 264, 277, 278: 106
Bettelli at al., 2002; Bortolotti et al., 2008 a, b; Regione Toscana 2002-2006), structural and facies 107
analysis of basin fill, as well as structural analysis of the fold and thrust belt, especially near the 108
basin margins, allow us to propose a new, and more complex, tectonic scenario. In particular, the 109
late Pliocene-early Pleistocene Mugello, Casentino and Sansepolcro basin evolution was greatly 110
affected by activity and/or reactivation of thrusts and back-thrusts. Since the middle Pleistocene, the 111
tectonic evolution of such basins was also conditioned by normal faults and major transverse 112
lineaments that acted as tear or transfer faults. 113
114
2.2. Earthquake data and seismotectonic setting115
Currently the study area is affected by a seismic activity that is highly variable in terms of 116
intensity, depth, and kinematics. To characterize the seismotectonics of the area we performed an 117
analysis of earthquakes within the area defined by longitude 11°-12.5° and latitude 43°-44.5°, using 118
the available catalogs of focal mechanisms, instrumental and historical seismicity (Figure 3a, b and 119
c). For the focal solutions we used:120
i) an updated (3.0) version of Earthquake Mechanisms of the Mediterranean Area (EMMA) 121
database (Vannucci and Gasperini, 2004) (available at 122
http://ibogfs.df.unibo.it/user2/paolo/www/EMMA30/) including the focal solutions 123
available in the literature, checked and in some cases corrected if misprinted or mistaken, 124
using the Gasperini and Vannucci (2003) routines.125
ii) the Regional Centroid Moment Tensors (RCMT) catalogs of the Istituto Nazionale di 126
Geofisica e Vulcanologia of Rome (INGV, Pondrelli et al., 2002, 2004, 2006a, 2006b, 127
integrated with Quick RCMTs);128
iii) the Moment Tensor (MT) catalog of the Eidgenössische Technische Hochschule of Zurich 129
(ETHZ, Braunmiller et al., 2002), 130
“Best” focal mechanisms are shown for each event (i.e. the more representative solution 131
when more than one solution is available for a same earthquake) using criteria of choice according 132
to Vannucci and Gasperini (2003, 2004) (Table 1 and Fig. 3a). For the instrumental and historical 133
seismicity we used the CSI1.1 catalog (Castello et al., 2006) with earthquakes in the period 1981-134
2002 and the CPTI04 catalog (CPTI Working Group, 2004) with events in the period 217 BC-2002 135
AD respectively. In Figure 3b we plotted 3848 earthquakes with magnitude determined from the 136
CSI1.1 catalog (Castello et al., 2006), out of a total of 6766 events (2918 are lacking a magnitude). 137
Table 2 and Figure 3c show the historical seismicity from the CPTI04 Catalog (CPTI Working 138
Group, 2004) with information about the size and orientation of the box (i.e. of the seismogenic 139
source) derived from the distribution of macroseismic intensities. In particular, the circular mean of140
the geographic distribution of localities (i.e. intensities) could be used to determine an azimuth of a 141
possible seismogenic source that in many cases fits the strike orientation of known seismogenic 142
faults (see Gasperini et al., 1999 for more details). Length and width of the seimogenic box are 143
derived from empirical relations (Wells and Coppersmith, 1994), as a function of earthquake 144
magnitude. Macroseismic boxes as well as the epicenter error ellipses are represented for 145
earthquakes with M5.2. Errors (Standard Deviation - std) (see equation (1)) relating to the main 146
parameters (θ) derived from macroseismic data (epicenter location, equivalent magnitude, box 147
orientation, length and width of the boxes) are computed by using a “bootstrap” elaboration (Efron, 148
1979, 1981; Efron and Tbishirani, 1986; Hall, 1992; Fan and Wang, 1996) based on a variance and 149
covariance analysis of n resampling random datasets of the original distribution of macroseismic 150
intensities and where m is the mean value of all the random bootstrap datasets. Sampling bootstrap 151
dataset include the same number of data (i.e. intensities) as the starting dataset.152
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In order to characterize the tectonic deformation regime, we followed well-known 154
procedures (e.g., Kostrov, 1974; Jackson and McKenzie, 1988; Westaway, 1992; Pondrelli et al.,155
1995; Serpelloni et al., 2007; Vannucci et al., 2004, and the web page:156
http://www.ingv.it/seismoglo/atlas). To avoid an arbitrary choice providing the best compromise 157
between resolution and reliability of the derived seismic deformation, we derived the seismic strain 158
tensors by summing seismic moment tensors (Kostrov, 1974) over a 0.125°x0.125° grid mesh and 159
different depth intervals. We have distinguished the crustal and subcrustal earthquakes by 160
considering three main depth intervals (0-10, 10-25 and 25-50 km). It is worth noting that where 161
rapid transitions among different regimes are likely to occur, or where a great variability of tectonic 162
regimes is present, this choice can lead to the summation of non-coherent focal solutions. The 163
moment tensor sums (main parameters in Tables 3, 4 and 5) are displayed in Figure 4 both for the 164
depth interval 0-10 km (Fig. 4a, c, e) and 10-25 km (Figure 4b, d, f). For each cell-volume (i.e. cell 165
and its depth interval), the tectonic regime indicated by an RGB color (Frohlich, 1992, 2001; Fig. 166
4a, b;) is shown on a ternary diagram(see the colored triangle inset in Fig. 4).167
The main seismic strain directions of cumulative moment tensors are also shown by plotting 168
the horizontal projection of the maximum compression (P, in black) and tension (T, in white) axes 169
(Figure 4a, b). To allow a clear representation of the tectonic regimes, the plot of the cells are 170
shown on a ternary Frohlich diagram for depth intervals of 0-10 and 10-25 km (Fig. 4e, f). The 171
coordinates of each cell on the Frohlich ternary diagram are indicated in Tables 3, 4 and 5 by the 172
horizontal (h) and vertical (v) distances from the center of the triangle. The deformation regime, 173
derived from the cumulative moment tensor, is also displayed by using a beach-ball representation 174
(Fig. 4c, d). The size of beach-balls is scaled to the cumulative scalar moment and their location is 175
not in the geometric center of cells, but in the barycenter of the epicentral distribution, weighted by 176
the earthquake magnitude (Vannucci et al. 2004). It is worth noting, however, that the size and the 177
scalar moment (M0) of the beach-balls is not a quantitative estimate of the real moment release in 178
each area because the focal mechanism database is incomplete due to the sporadic nature of the 179
literature used for the EMMA dataset and to the short time span covered by INGV and ETHZ 180
databases. 181
Considering the 0-10 km-depth interval, the results of these elaborations indicate that a 182
dominant circa NE-SW-oriented extension characterizes the belt of the intermontane basins (Fig. 183
4a). Elsewhere, the deformation shows a more hybrid character, such as the compressive-to-184
transpressive solutions determined southeast of the Sansepolcro basin, and the compressive-to-185
transcurrent deformation in the Romagna Apennines, from the northeastern margin of the Mugello 186
basin to the Pede-Apennine foothills (Fig. 4a). More enigmatic is the compressive cell situated in a 187
very internal position (westernmost part of the study area, at 11,1°E and 43.2°N). The data for the 188
seismic events falling in the 10-25 km-depth interval show instead a more consistent character (Fig. 189
4b). Compressive cells clearly dominate the Romagna Apennines and extensional cells are 190
restricted to the belt of the intermontane basins. These observations might indicate that the 191
extension-compression transition is better expressed at deeper levels than in the shallow crust, 192
which includes the more heterogeneous sedimentary cover.193
194
3. Basin evolution195
3.1. The Mugello Basin: location and bedrock geology196
The Mugello Basin, is a 25 km long, WNW-ESE-trending depression that extends along the 197
Sieve river 30 km north of Florence and is filled with late Pliocene (?) - Pleistocene alluvial and 198
lacustrine deposits (Figs. 2 and 5).199
The basin substratum consists of tectono-sedimentary units piled up in an imbricated mainly 200
NE-verging and NW-SE-trending thrust-sheet system affecting the Ligurian, Tuscan, and Romagna 201
units. The uppermost Ligurian units are locally completely eroded, forming in places small klippen. 202
In places thrust faults are cut by transverse NE-SW trending tear faults. The general structure is203
complicated by the presence of SW-verging back-thrust faults and folds that locally appear clearly 204
superimposed onto the NE-verging thrust and folds system. This is particularly evident at the 205
northeastern margin of the basin where the major back-thrust is located (Fig. 5). Another structural 206
peculiarity of the northeastern basin margin is the so-called “Ronta fault system” (e.g., Coli et al., 207
1992; Fig. 5), which is composed of SW-steeply dipping normal faults arranged in parallel 1-4 km-208
long fault segments generally trending sub parallel to the thrust faults and to the back-thrust. This 209
system is laterally confined within two transverse structures, which also affect the back thrust 210
(Scarperia and Vicchio faults) (Ge.Mi.Na., 1962; Fig. 5). 211
212
3.1.1. Fluvio-lacustrine and alluvial successions213
The infilling of the Mugello basin occurred in two consecutive phases originating a lower 214
fluvio-lacustrine unit, and an upper alluvial unit (Benvenuti, 1997, 2003). The fluvio-lacustrine 215
succession has been subdivided into three sub-units (Fig. 5). During the early fluvio-lacustrine 216
phase the Mugello basin had an internal drainage, and peat and silty clay (up to 100 m-thick) were 217
deposited in a palustrine environment in the western part of the basin (Barberino di Mugello sub-218
basin) separated by a bedrock threshold from the strongly subsiding southern part (Borgo S. 219
Lorenzo sub-basin), where more than 600 m of sediment accumulated (Ge.Mi.Na., 1962). This 220
thicker succession consists of a basal wedge of alluvial gravels and sands, about 20 m thick, 221
detected only by cores (Ge.Mi.Na, 1962), overlain by lacustrine silty clay interbedded with lignite 222
lenses and fan-deltaic gravels and sands mainly derived from the northern basin margins.223
In the Barberino di Mugello sub-basin, lignite seams apparently developed from the flooding 224
of a former proximal fluvial catchment. The stratigraphic contacts between lacustrine deposits and 225
bedrock, traceable on the surface and from cores (Regione Toscana, 2007), indicate that the 226
lacustrine-palustrine deposits filled distinct troughs separated by bedrock highs, which are not 227
bounded by faults, and thus are here interpreted as bedrock interfluves of pre-existing paleovalleys. 228
At the northwestern edge of the Borgo S. Lorenzo sub-basin, early palustrine environments 229
developed in small recesses confined by NW-SE-trending bedrock ridges that are parallel to the 230
main thrust faults running on the northern basin margin. It is here suggested that sheltered lake 231
coasts favouring the establishment of swamps and marshes, developed in structural lows inherited 232
by pre-Quaternary thrust tectonics. The chronostratigraphic extent of the fluvio-lacustrine phase has 233
been established on the basis of terrestrial vertebrate fauna, and it corresponds mostly to the early 234
Pleistocene, with a possible onset in the late Pliocene (Tasso Faunal Unit, Abbazzi et al., 1995).235
The modern alluvial plain is confined along the southern side of the basin, where the Sieve 236
River flows toward the east (Rinaldi and Rodolfi, 1995). Five terraces increasing in elevation and 237
age, three of alluvial and two of erosional origin (e.g. Merritts et al., 1994), have been distinguished 238
within the basin and surroundings areas. T1, T2 and T3 terraces (middle Pleistocene-Holocene) are 239
widespread along the entire basin and correspond to three major episodes of base-level fall that 240
occurred during the alluvial phase subsequent to the fluvio-lacustrine stage. They constitute time 241
markers made of variably pedogenized gravels, sands and muds a few tens meter thick (Sanesi, 242
1965; Benvenuti, 1997; Benvenuti and Papini, 1997). Erosional surface S1, broadly referred to the 243
late Pliocene-early Pleistocene boundary and constituting remnants of the paleo-topography of the 244
Northern Apennines (Bartolini, 1980), affects the bedrock (Fig. 5).245
246
3.1.2. Tectonic control on basin development247
During the fluvio-lacustrine phase, compressive tectonics controlled most of the basin 248
evolution. The development of fan deltas, which mostly prograded from the northern margin of the 249
Borgo S. Lorenzo sub-basin during the early Pleistocene (Benvenuti, 1997, 2003), was strongly 250
affected by syndepositional uplift and tilting, as is indicated by the pinch-out of deposits and 251
occurrence of angular progressive unconformities (sensu Riba, 1976; Benvenuti, 1995; Boccaletti et 252
al., 1995, 1999; Fig. 6b). Here, in fact, the dip of the deposits ranges from vertical in the oldest 253
strata to 10° in the youngest ones, dipping toward the SSW (see cross section A-A’ in Fig. 5 and 254
Fig. 6). On the southern margin of the Borgo S. Lorenzo sub-basin the less developed fluvio-255
lacustrine deposits (Benvenuti, 1997, 2003; Benvenuti and Papini, 1997) dip to the NE with dips256
not exceeding 30°. On the whole, the fluvio-lacustrine succession in the Borgo S. Lorenzo sub-257
basin outlines a broad syncline with a more deformed limb along the northeastern margin (see 258
section A-A’ in Fig. 5).259
Field mapping and structural analysis carried out in the Mugello Basin relate the sedimentary 260
evolution of the Borgo S. Lorenzo sub-basin to the activity of a back-thrust deforming the 261
northeastern basin margin (Fig. 5). This margin is characterised by diffuse evidence of a SSW-262
verging thrust-related deformation, such as faults and folds, near vertical-overturned beds and 263
progressive unconformities, which clearly affects the basin substratum and the adjacent basin 264
deposits (see Fig. 6).265
At the NE margin, where the backthrust is buried underneath the basin deposits, their bedding 266
shows a consistent vertical to overturned dip (Fig. 5 and 6a), progressively decreasing towards the 267
centre of the basin (see cross section A-A’ in Fig. 5). This depositional architecture, together with 268
thrust-related deformation in the first and second fluvio-lacustrine sub-unit sediments, 269
unequivocally points to the syn-sedimentary uplift of the north-eastern basin margin (Fig., 6b). We 270
interpret this geometric configuration as a clue to the early Pleistocene activity of the backthrust 271
system, buried in the central sector of the northern margin and visible in outcrop along-strike (NE 272
of Scarperia and Villore area) (Figs. 5 and 6e). The deposits of the youngest fluvio-lacustrine sub-273
unit overlying the back-thrust are not deformed. Accordingly, the end of back-thrust activity can be 274
dated to the end of the early Pleistocene.275
276
3.1.3. Potential active faults277
In this section we discuss some of the structures that might be responsible for the seismicity 278
of the Mugello area. These structures has been referred to three fault systems: The Ronta Fault 279
system, located at the north-eastern margin of the basin, the Sieve Fault system located at the 280
southern margin and the Vicchio fault transverse system delimiting the basin to the south east.281
282
Ronta fault system 283
The Ronta Fault system (Fig. 5), composed of steeply-dipping normal faults, extends 8-10 284
km parallel to the north-eastern basin margin and affects the bedrock, and is superimposed onto the 285
previous NE-verging contractional structures. Although no certain dating of erosional surfaces is 286
available, we consider these surfaces as relicts of the same late Pliocene paleo-topography 287
(erosional surface S1)  prior to the formation of the Mugello Basin (about 1.8 Ma, e.g. Bartolini, 288
1980). These surfaces currently outcrop at different elevations on the hangingwall and on the 289
footwall of the Ronta fault system. Surface S1 can therefore be taken as a marker to estimate the 290
slip rate of the northern margin of the basin, thus inferring the approximately 300 m difference in 291
elevation as the maximum throw of the Ronta Fault system (Fig. 7). Accordingly, the average long-292
term vertical slip-rate would be about 0.16 mm/yr. Considering instead normal faulting to have 293
started after the end of compression (ca. 0.8 Ma), one would obtain a slip-rate of 0.37 mm/yr. 294
Three main hypotheses can be thus proposed: (1) the extensional Ronta faults may represent 295
second-order structures accommodating a crestal collapse above the back-thrust; (2) they may 296
reflect a more recent extensional stress field superimposed onto the previous compressive 297
structures; (3) the Ronta faults reactivate the previous secondary normal faults associated with the 298
backthrusting. 299
Insights into the vertical displacement across the Ronta normal faults may be tentatively 300
obtained by the application of the scaling law relating mean or maximum fault displacement, U, to 301
length L (e.g., Cowie and Scholz, 1992; Dawers et al., 1993; Schlische et al., 1996):302
303
U= L, (2)304
305
with scaling parameter  being ~3 × 10–2 for crustal-scale normal faults (Dawers, 1996). For 306
the Ronta fault system, L is ~10 km (total length). Thus, applying eq. (2), the resulting displacement 307
is ~300m, which roughly corresponds to the displacement of surface S1. This result suggests a 308
significant depth of the Ronta fault system, which better accords with hypotheses (2) and/or (3).309
Statistical analysis of the surface deformation from analogue modelling supports that the 310
fault pattern may be compatible with a ~N30° stretching direction (Corti et al., 2006).311
312
Sieve and Vicchio fault systems313
The southern margin of the Mugello basin is characterised by approximately NW-SE-314
oriented normal faults known as the “Sieve fault system” (Ge.Mi.Na., 1962; Martini and Sagri, 315
1993; Benvenuti, 1997, 2003) (Figs. 5 and 8). These normal faults do not show associated growth 316
strata and are thus inferred to postdate basin development. Specifically, some normal fault segments 317
cut early Pleistocene fluvio-lacustrine deposits (Benvenuti, 1997; Benvenuti and Papini, 1997) for a 318
length of at least 6-7 km in the eastern side of the basin (Borgo San Lorenzo-Vicchio), with throws 319
of some tens of meters (Figs. 5 and 8). Terraces identified at places along the valleys orthogonal to 320
this fault system, are displaced by NW-SE trending faults (Benvenuti and Papini, 1997).321
The area extending between Borgo San Lorenzo and Vicchio is characterized by a 322
topographic depression in the alluvial valley of the Sieve river (Fig. 8). Here, the hydrographic 323
network has a centripetal pattern with many drainage reversals evidenced by the abrupt diversion of 324
the right-hand tributaries near the confluence with the Sieve River (Sanesi, 1965; Bartolini and 325
Pranzini, 1979; Fig. 8). Stratigraphic logs (W1, W2 and W3) show a sedimentary wedge thickening 326
toward the south that suggests Holocene syntectonic sedimentation against the southern margin 327
(Fig. 8c,d). All indications of active tectonics are localized in this area suggesting that present fault 328
activity is limited to the southeastern side of the basin. 329
Topographic profiles across the southern margin of the basin may help to elucidate the role 330
of the Sieve Fault system in the late Quaternary phase of basin evolution (Fig. 8b). In particular, we 331
focused on T2 and T3 terrace surfaces by evaluating dip and elevation in order to detect a possible 332
tectonic influence on fluvial sedimentation and dynamics. Terraces T2 and T3 show a drastic 333
increase in the dip at Borgo San Lorenzo, in coincidence with the outcrop of the Sieve fault system 334
(Fig. 8a). In correspondence of this location, the dip changes abruptly from 0.15° to 0.7° for T2, and 335
from 0.7° to 1.3° for T3, while East of Borgo San Lorenzo the same terraces show a lower increase 336
of dip (Fig. 8b, d). Moreover, the dips of terraces T2 and T3 in the area of the Sieve fault system 337
increase progressively from West to East, increasing from 0.1° to 1.1° for T2, and from 0.55° to 338
1.85° for T3. Terrace T3 is always steeper than the younger terrace T2, as also noted by Sanesi 339
(1965). The difference in dip between terraces T2 and T3 is very similar, being about 0.55° and 0.6° 340
east and west of Borgo San Lorenzo, respectively. This indication might constrain the onset of the 341
Sieve fault system activity after the emplacement of terrace T2, which is older than 25 kyr 342
(Aranguren, 1994). 343
A further fault system showing evidence of active tectonics is the NE-SW oriented 344
transverse Vicchio fault system, limiting the basin on its eastern side (Fig. 5). This system 345
influenced basin evolution during the early Pleistocene, and appears to contribute, together with the 346
Sieve fault system, to localising the depocenter close to Vicchio as described above (see cross-347
section B-B’ in Figs. 5 and Fig. 8). This structure appears to deform the main axis of the Sieve 348
River, determining the threshold of the basin, with overflooding to the west and incision to the east 349
(Fig. 5). Moreover, this transverse fault cuts the backthrust, so that it can be considered active at 350
some time since the middle Pleistocene.351
The occurrence of liquefaction phenomena along the Sieve fault system (Galli and Meloni, 352
1993) and east-west-trending coseismic ground fractures near the Vicchio fault system (at Villa 353
Ricci, Capacci, 1920), where a fault cuts early Pleistocene fluvio-lacustrine sediments of the third 354
sub-unit, have been described after the 1919 earthquake (Imax= IX MCS; M=6.2; CPTI Working 355
Group, 2004) (Figs. 5 and 8). The macroseismic box of the 1919 earthquake suggests the causative 356
fault to be oriented in a WSW-ENE direction (Fig. 3c, approx. Lat. 44°N and Long. 11,45°E). This 357
orientation is related neither to the NE-SW-trending Vicchio fault, nor to the NW-SE-trending 358
Sieve fault (whose boxes are dashed in Fig. 3c), but rather corresponds to their average strike. 359
These evidences suggest that the 1919 earthquake was possibly due to the concurrent activation of 360
the easternmost sector of the Sieve and Vicchio fault systems, bounding the basin toward the east 361
(Fig. 5).362
363
3.2. The Casentino Basin: location and geologic setting364
The Casentino Basin is an approximately 15 km-long and 5 km wide depression that drains 365
the proximal catchment of the Arno River (Figs. 1 and 9). This basin is filled by a continental 366
succession subdivided into an Upper Pliocene(?)-Lower Pleistocene fluvio-lacustrine succession 367
followed by a middle-late Pleistocene alluvial portion. This succession unconformably overlies the 368
sustratum here composed of limestone and marlstone of the Ligurian and Suligurian Units 369
overthrusting the Lower-Middle Miocene turbidites of the Cervarola-Falterona Unit. 370
371
3.2.1. Fluvio-lacustrine and alluvial successions372
The fluvio-lacustrine succession is poorly exposed and consists of conglomerates, sands, 373
silty clays, and lignite-bearing clays (Migliorini, 1914; Trabucco, 1921; Principi, 1925; Guidi and 374
Pirini Raddrizzani, 1970; Galligani, 1971). Recent field surveys have allowed subdivision of the 375
fluvio-lacustrine succession into two main sedimentary units bounded by unconformities, from 376
bottom to top, Porrena and Bibbiena units (Bonini and Tanini, 2009). The older Porrena unit 377
consists of dominant silt, silty sand, and silty clay, including lignite beds that were exploited in the 378
past century (Trabucco, 1921; Fig. 9). The younger Bibbiena unit is mainly composed of sand, 379
gravel and silt. Gravel deposits dominate at the northern basin margin and, basinward, they 380
interdigitate with sand and silt (2 km west of Soci; Fig. 9). 381
The alluvial succession is made of variedly weathered gravel and sand with various soils. 382
These terraced deposits, few tens of meters thick, are ascribed to the middle-late Pleistocene 383
(Galligani, 1971).384
385
3.2.2. Tectonic control on basin development386
The Casentino basin has been explained in the context of contrasting tectonic scenarios. One 387
hypothesis considers its southwestern margin to be limited by a NE-dipping normal fault segment 388
correlated to the low-angle Alto Tiberina Fault (Boncio et al., 2000; Mirabella et al., 2007). An 389
alternative approach considers that this basin developed in a compressional setting (Boccaletti et al., 390
1996; Delle Donne, 2005). The results of detailed geological mapping (at the scale 1:10,000) by the 391
authors for Regione Toscana (2002-2006) and successive studies, identify no significant normal 392
faults. The structural setting of the Casentino Basin can be better explained as a synclinal structure 393
(Lotti, 1910) bounded by two oppositely verging thrusts downthrowing the Ligurian Units (Delle 394
Donne, 2005; Bonini and Tanini, 2009; Fig. 9). More specifically, a thrust-related anticline, running 395
approximately along the Arno River plain between Bibbiena and Poppi, delimits the southwestern 396
Casentino Basin margin, and a system of backthrusts extends from its northeastern margin up to the 397
Mandrioli Pass area (Bonini and Tanini, 2009; Fig. 9).398
The relations between these compressional structures and the fluvio-lacustrine deposits are 399
illustrated through a detailed geological cross section combining field survey results with well log 400
data, which maps the substratum/basin deposits boundary with a satisfactory approximation (Fig. 9, 401
section C-D). The geometry of the Casentino Basin is characterised by open to gentle folds (Fig. 9). 402
An anticline pair bounds the southwestern margin of the Casentino Basin at Bibbiena, in accord 403
with the consistent tilting (up to 40°) of the fluvio-lacustrine beds over the forelimb of the more 404
external anticline (Fig. 9, sections A-B and C-D). The main syncline structure in the fluvio-405
lacustrine deposits has also deformed the uppermost erosional surface affecting the oldest (middle 406
Pleistocene?) terrace. The relatively great thickness of deposits (> 100 m, see well S6 in Regione 407
Toscana, 2007) suggests that this syncline represents a basin depocentre associated with the 408
Bibbiena thrust-related anticlines (Fig. 9). 409
The northeastern Casentino Basin margin is apparently controlled by an adjacent blind 410
backthrust that is characterised by a consistent SSW-verging overturned anticline (Soci 411
surroundings; Fig. 9). The available well logs allow reconstruction of a very steep deposits-to-412
substratum contact, and imply a significant thickness of deposits. This suggests an important control 413
on sedimentation exerted by the backthrust near the margin (Fig. 9, section C-D). It is also worth 414
noting that the backthrust kinematics is coherent with the dislocation of fluvio-lacustrine deposits 415
outcropping as patches near Lierna and S. Donato, which are uplifted (by ca. 60-80 m) relative to 416
the main basin deposits (Fig. 9).417
Between the northeastern Casentino Basin margin and the main watershed, backthrusts and 418
thrust-related folds systematically displace previous NE-verging structures in the Cervarola-419
Falterona Unit (Fig. 9). For instance, a NNE-dipping backthrust with associated consistent 420
mesostructural data, clearly superposes the Marnoso Arenacea over the older rocks of the 421
Cervarola-Falterona Unit at Badia Prataglia (Fig. 9). No clear evidence of active tectonic structures 422
emerged from the study of the Casentino basin, in agreement with the low seismicity of the area in 423
comparison with the Mugello and Sansepolcro basins (Castelli, 2004; Figs. 3 and 4).424
425
3.3. Arezzo and Sansepolcro basins: location and general geology426
This wide sector (Fig. 2 and 10) includes the Arezzo basin to the west and the Sansepolcro 427
basin to the east. Both basins can be considered portions of a wider fluvio-lacustrine area developed 428
during the Pliocene and Quaternary: the Arezzo basin has been connected, at least since the middle 429
Pleistocene, with the wider Valdarno basin to the northwest (Fig. 2) whereas the Sansepolcro basin 430
is presently connected to the major Tiber basin to the south. 431
Major structures affecting the substratum of these two continental basins are NW-SE to 432
NNW-SSE-oriented and mainly NE-verging thrust faults with their associated ramp anticlines and 433
footwall synclines (Fig. 10). Locally, some thrust faults show geometric features that allowed us to 434
interpret them as out-of-sequence thrusts. In particular, in the northern sector, the Tuscan Unit, here 435
represented by the Cervarola Falterona Unit, thrusts onto the Ligurian Units, inverting the original 436
stacking order, and confirming a later reactivation (Fig. 10). Recent field mapping has led to the 437
recognition of back-thrusts at the northeastern margin of the Sansepolcro basin (De Donatis and 438
Mazzoli, 1994; Delle Donne, 2005; Bortolotti et al., 2008a). This thrust system is also dissected by 439
numerous mainly NE-SW-trending high-angle transcurrent faults with a prevailing dextral 440
kinematics (Fig. 10).441
442
3.3.1. Fluvio-lacustrine and alluvial successions443
Continental deposits, that accumulated in two main depositional phases, fill the Arezzo 444
basin. During the lacustrine phase peaty clay and silty clay, locally dipping up to 30°, accumulated. 445
The outcropping lacustrine succession does not exceeded 70 m though cores 446
(http://www.provincia.arezzo.it/TutAmbiente/default.asp) indicate a maximum thickness of about 447
100 m. These sediments are covered unconformably by sub-horizontal fluvial conglomerates with a 448
sandy to silty matrix, which are referred to the alluvial phase. These conglomerates, with 449
subordinate silt and sand, show SW-directed palaeocurrents, reflecting transport and deposition in 450
the paleo-Arno drainage. The age of the succession is poorly constrained. On the basis of 451
lithostratigraphic correlations with the surrounding upper Valdarno and Chiana basins, whose 452
sediments have been recently re-dated with magnetostratigraphic investigations, the basal tilted 453
lacustrine clays may be inferred to the late Pliocene–early Pleistocene, and the overlying succession 454
to be middle Pleistocene (Napoleone et al., 2003).455
The sedimentary evolution of the Sansepolcro basin consists of two major unconformity-456
bounded stratigraphic units with an exposed thickness of approximately 150 m (Albani, 1962; 457
Benvenuti, 1989; Cattuto et al., 1995). The basal unit is composed of floodplain mudstones 458
alternating with subordinate pebble and sandy beds attributable to the early Pleistocene 459
(Ciangherotti and Esu, 2000; Argenti 2003-2004). This 70 meter-thick succession is tilted toward 460
the SW and is unconformably overlain by a fluvial unit mostly composed of calcareous gravel and 461
sand topped by a prominent reddish paleosol (Van Waveren, 1989). A third stratigraphic unit 462
possibly middle Pleistocene in age, consisting alluvial-fan arenaceous gravels of the paleo-Sovara 463
creek, occurs only to the northwest end of Anghiari (Fig. 10). 464
After this dominant fluvial aggradation, a succession of alluvial terraces made of gravel, 465
sand and subordinate silt, have developed by successive incision of the fluvial network since the 466
middle Pleistocene. Human occupation during the lower Paleolithic of the higher, stable, alluvial 467
terrace south of Anghiari (Cocchi et al., 1978; Moroni Lanfredini, 2006) suggests an early fluvial 468
incision since the late-middle Pleistocene. Archaeological evidence of human settlements in the 469
lower alluvial plain of the Tiber River since the late Neolithic (Moroni Lanfredini, 2006) points to a 470
late Holocene age for the latest stages of alluvial deposition.471
472
3.3.2. Tectonic control on basin development473
The first evolutionary stages of the Arezzo and Sansepolcro basins are poorly constrained. 474
In the Arezzo basin the older sediments scarcely crop out and never occur at the basin margin, 475
preventing observation of the relationship with the substratum. Compressive mesoscopic structures 476
(shear veins and faults) detected on the basin substratum at Sansepolcro are compatible with the 477
presence of a backthrust bounding this basin margin, and are in agreement with the other 478
backthrusts mapped in the chain (De Donatis and Mazzoli, 1994; Bortolotti et al., 2008a) (Fig. 10). 479
Seismic lines crossing the basin show that the total thickness of sedimentary infill may reach 1200 480
meters (Barchi and Ciaccio, 2004). A reinterpretation of a seismic line crossing the basin (Barchi, 481
2007) allows us to interpret the presence of tilted and deformed sediments (probably Pliocene in 482
age) below the flat-lying Pleistocene sediments currently exposed in the basin (Fig. 11). In 483
particular, progressive unconformities and wedging of sediments indicate a syn-depositional control 484
exerted by the neighbouring backthrust (Fig. 11b). Also, the seismic line images the presence of a 485
symmetrical basin depocentre located at 0.8 s TWT depth (approximate thickness of about 1000 m; 486
Fig. 11b). The NW-SE-trending normal faults at the northeastern Sansepolcro basin margin (Tanini, 487
1998; Delle Donne et al., 2007) are therefore presumably superposed onto the backthrust.488
489
3.3.3. Potential active tectonics490
The south western margin of the Sansepolcro basin is marked by a NW-SE-oriented, NE-491
dipping normal fault, which shows evidence of late Pleistocene-Holocene deformation, hereafter 492
referred to as Western Fault System (WFS; Fig. 10). This system may be related to the low-angle 493
fault imaged in seismic reflection profiles (“Alto Tiberina Fault“; Barchi et al., 1998; Boncio et al., 494
2000; Finetti et al., 2001), perhaps representing its most recent active splay (Collettini and Barchi, 495
2004; Collettini et al., 2006) controlling the Quaternary geology of the Upper Tiber Basin (Delle 496
Donne et al., 2007). The WFS includes two main parallel faults, the Sovara and Fighille faults, cut 497
by younger faults, the Anghiari and Citerna faults that are slightly oblique to the former (Figs. 10 498
and 12). A straight mountain front with well-developed faceted spurs, characterises the Anghiari 499
fault (Tanini, 1998). Quaternary alluvial fans are beheaded at the base of the range front in 500
correspondence of a 10 m-high geomorphic scarp. The scarp, laterally continuous and connecting 501
the triangular facets at their bases, corresponds, in a high-resolution seismic profile, to the outcrop 502
of the Anghiari fault (Delle Donne et al., 2007). At the base of this scarp, a syntectonic sedimentary 503
wedge is also visible in the same seismic profile.504
Movement along the faults of this system determined the rotation of the intervening block. 505
Accordingly, early Pleistocene deposits dip toward the SW up to 40°. The Anghiari terrace is also 506
offset by about 30 meters by the Anghiari fault, and its surface is tilted by about 2° (Tanini, 1998). 507
This fault also affects the late Pleistocene–Holocene deposits of the Cerfone Creek that form a 508
thickening clastic wedge near Monterchi (section A-B in Fig. 12). In this area the drainage network 509
shows a localized depocentre, with centripetal drainage (e.g. Cattuto et al., 1995) (Fig. 12). The 510
drainage pattern of the Sovara and Cerfone creeks suggests the influences of on-going tectonic 511
activity, such as river capture by regressive erosion enhanced by hangingwall uplift or the increase 512
of meander intensity when crossing the range between the Anghiari and Citerna faults (Fig. 12).513
The evolution of the WFS can be divided into three main stages: (1) main dislocations on 514
the Sovara fault, (2) basinward migration of faulting on the easternmost Fighille fault, and (3) 515
development of the approximately NNW-SSE striking Anghiari and Citerna faults affecting both 516
the Anghiari range and the two previous faults (Fig. 12). Because evidence of late Quaternary 517
tectonic activity is restricted to the basin margins, the studied fault systems would account for most 518
of the Quaternary deformation of the Sansepolcro Basin. In particular, for the Anghiari fault, 519
approximately 190 meters of cumulative vertical displacement has been evaluated in the middle 520
Pleistocene-Present time range, resulting in an estimated slip-rate of about 0.25 mm/yr (Delle 521
Donne et al., 2007).522
Indications of recent tectonic activity on the north-eastern margin of the Sansepolcro basin 523
are not very clear. However, the stratigraphic record indicates sedimentary aggradation processes 524
along the toe of the northeastern range, with the superposition of younger fans over older ones, 525
suggesting an ongoing basin subsidence at the toe of the range (Benvenuti et al., 2004). The 526
alignment of multiple debris cones at the base of mountain slope, and an apparent vertical 527
displacement of the slope paleosurface, visible on topographic profiles (Delle Donne et al., 2007) 528
seems to support the presence of an active normal fault (Cattuto et al., 1995; Tanini, 1998; Delle 529
Donne et al., 2007).530
Boncio and Lavecchia (2000) have related historical earthquakes to the SW-dipping high-531
angle normal faults bounding the Sansepolcro basin to the northeast. However, according to our 532
survey, the WFS appears instead to be the most probable seismogenic source of the 1917 533
earthquake (Imax=X MCS; M=5.8; CPTI Working Group, 2004; Fig. 2 and Table 2). Macroseismic 534
field evidence of this earthquake shows that the highest damaged area is located on the 535
southwestern basin margin and suggests a NW-SE orientation of the fault (Valensise and Pantosti, 536
2001). After the occurrence of the 1917 Monterchi earthquake Oddone (1918) described some NW-537
SE oriented co-seismic fissures formed near Monterchi along the southwestern basin margin, 538
localized into a 6 m-wide belt at least 1 km long (Fig. 12). Oddone (1918) described in detail a 25 539
cm vertical displacement of the ground along this fissure system. The occurrence of these ground 540
fissures, restricted to the south-western basin margin, and the presence at places of a component of 541
vertical offset, may suggest the activation of the southwestern, NE-dipping fault during the 542
earthquake. Based on the Wells and Coppersmith (1994) scale relationships between coseismic 543
offset and rupture length, the dimension of the fault rupture for the earthquake would be in the 10-544
15 km length range. 545
Both the Arezzo and the Sansepolcro basins are also controlled by NE-SW-oriented faults 546
with dominant right-lateral kinematics (Fig. 10). The NW-SE oriented border faults (West and East 547
fault systems) appear to abut against this structure, and do not continue north-westward (Fig. 10). 548
The hydrographic network is right-laterally diverted when crossing these faults, and debris cones 549
lacking a feeder drainage system are beheaded (Benvenuti et al., 2004). For example, a large 550
alluvial fan at the north-western end of the Sansepolcro basin occurs where the Tiber River shows 551
an abrupt bend in correspondence of a NE-SW-trending dextral fault (Fig. 10). 552
Right-lateral movements along NE-SW-trending faults may have controlled the 553
development of the Arezzo basin as well (Fig. 10). The Arezzo basin shows a roughly square shape 554
and occurs in the overlapping zone between main NE-trending right-stepping fault segments (Fig. 555
10). Thus, the Arezzo depression may be interpreted as a pull-apart-like basin. The late evolution of556
Arezzo basin is inferred to have also caused the deviation of the Arno River. Evidence from 557
morphologic/hydrologic observations shows that before the formation of this basin, the Arno river 558
flowed southward into the Chiana basin. However, since the middle Pleistocene the river flowed 559
northward into the upper Valdarno basin (e.g. Bartolini and Pranzini, 1981).560
561
4. Discussion562
4.1. Connecting the intermontane basins to the external active thrust fronts563
The investigated belt of intermontane basins is located 40-50 km southwest of the Apennine 564
margin of the Po Plain, and about 90 km from the more external Ferrara thrust folds (Fig. 1). Both 565
the Pede-Apennine margin and the Ferrara folds are marked by active thrusting associated with 566
compressional focal mechanism solutions (Piccardi et al., 1997; Benedetti et al., 2003; Boccaletti et 567
al., 2004; Pondrelli et al. 2006a, b; Basili and Barba, 2007). The Romagna Apennine separates the 568
intermontane basins from the Pede-Apennine margin, and its deformation style is outlined here 569
taking a wide and representative sector extending between Fontanelice and Modigliana (Fig. 13).570
The general structure of the Romagna Apennine can be described as a thrust system, verging 571
to the NE, whose evolution started in the early Miocene and strongly controlled deposition in the 572
external foredeep basins (Ricci Lucchi, 1986; De Donatis and Mazzoli, 1994; Cibin et al., 2004). 573
Later, SW-verging backthrust faults are superimposed onto the former forethrusts at various scales. 574
The superposition between these oppositely verging thrusts is systematic, and consists of 575
backthrusts displacing, or folding, early forethrusts (Mercatale-Budrialto area; Fig. 13). This 576
deformation style can be identified across the whole Romagna Apennines (from the intermontane 577
basins to the Pede-Apennine front), and accords well with (1) the general attitude of strata 578
displaying a foreland (NE)-dipping monocline approaching the Pede-Apennine margin, (2) the 579
presence of overturned SW-verging folds, and (3) the systematic north-eastward tilting of NE-580
verging folds (Montanari, 2005).581
The age of backthrusts can be attributed to thew Messinian-Pliocene along the Apennine 582
margin (Montanari et al., 2007), whereas the activity of backthrusts controlling the north-eastern 583
margin of the Mugello, Casentino and Sansepolcro basins is constrained to the late Pliocene(?)-584
early Pleistocene on the basis of the age of deformed sediments. The resulting scenario suggests the 585
activation of a backthrust system since the Messinian up to at least the end of the early Pleistocene. 586
This system may have propagated southeastwards, possibly according to a “passive-roof duplex” 587
model characterising the front of several thrust belts worldwide (Banks and Warburton, 1986). In 588
this model, shortening is accommodated by deeper forethrusts, whereas deformation at shallower 589
levels is transferred hinterlandward by backthrusts (i.e., passive-roof thrusts) normally localised 590
along décollement layers. A progressive deepening of the detachment level is expected to favour the 591
new activation of backthrusts cutting the early forethrusts.592
It is noteworthy that some backthrusts of the Romagna Apennine, representing potential 593
splays to main passive-roof thrusts, have been documented to be active structures. This has been 594
suggested for the backthrust at Santa Sofia displacing late Pleistocene-Holocene alluvial terraces 595
(Marabini et al., 1985), and near Modigliana where a backfold has affected the drainage pattern 596
(Boccaletti et al., 2004) (Fig. 2). 597
If framed into a passive-roof duplex model, these backthrusts would be linked to deeper 598
active forethrusts, which however do not clearly result from the analysis of shallow seismicity (Fig. 599
4a). A speculative scenario may consider the passive-roof duplex model to represent a long-term600
deformation in comparison to what observed from the short-term picture provided by seismicity. 601
Instead, the compressive deep earthquakes (approx 18-23 km depth), whose hypocenters are located 602
along the Romagna foothills (Figs. 3 and 4), most likely identify a crustal thrust fault surfacing at 603
the Ferrara thrust fold front (Fig. 1).604
605
4.2. Distribution of seismicity and implication for extrapolation of active structures at depth606
The analysis of the continental Mugello, Casentino and Sansepolcro basins has established 607
that these basins formed and developed under a compressive setting marked by back-thrusts 608
controlling their northeastern margins. Syndepositional back-thrust activity is documented in the 609
three basins during late Pliocene–early Pleistocene. A later extensional normal faulting stage 610
approximately started since middle Pleistocene, and locally is superimposed onto the former 611
compressive structures.612
Whereas the geometry of the NE-dipping normal fault system delimiting the south-western 613
margin of the Sansepolcro basin is constrained by the interpretation of deep seismic profile 614
CROP03 (Fig. 1; Barchi et al., 1998; Boncio et al., 2000; Finetti et al., 2001), no similar data are 615
available for the other basins. Despite this, field data reveal no evidence of any normal fault in the 616
Casentino basin, and no more than ca. 300 m of vertical throw has been evaluated on the Ronta 617
normal fault system in the Mugello basin. The extrapolation at depth, or the presence, of normal 618
faults is thus discussed here on the basis of the available seismic data (both focal mechanism 619
solutions and hypocentres of instrumental seismicity) projected along three main crustal sections 620
across the investigated basins (Fig. 14).621
In the northernmost section A-A’ (Fig. 14), no significant seismicity is recorded beneath the 622
Mugello basin, although along-strike of the basin, active extensional strain has been documented at 623
various localities by earthquake focal mechanism solutions (Fig. 4). It is worth mentioning that the 624
presence of a NE-dipping low-angle normal fault bounding the southwestern Mugello basin margin 625
(Boncio et al., 2000) is difficult to explain, since the fault should be rooted more externally, in an 626
area characterised by the dominance of compressive focal mechanism solutions (Section A-A’, Fig. 627
14). The normal faults bounding the Mugello basin are thus better explained as high-angle 628
structures. Regarding the compressive seismicity, it is compatible with the presence of crustal 629
thrusts inferred from both seismic line interpretation and other considerations on geophysical data 630
(Argnani et al., 1997; Finetti et al., 2001, 2005; Boccaletti et al., 2004). In this scenario, the 631
Mugello normal faults may be interpreted to represent (1) extensional features accommodating the 632
strain induced by such thrusts, or (2) the axial collapse of the Apennine orogenic wedge. 633
On the 1st March 2008, two ML 4.2 extensional earthquakes struck the north-western Mugello basin 634
(Amato et al., 2008) supporting the interpretation of a current extensional stress regime. The main 635
shocks and their related aftershocks suggest a 4 km long and 70-80° NE-dipping fault extending to a 636
depth of 5-15 km beneath the main Apenninic divide to the NW of the Mugello basin. The 637
emergence at the surface of this fault coincides with the Mugello back-thrust zone indicating the 638
possible negative re-activation of portions of these back-thrust structures. Such a steeply (NE-) 639
dipping normal fault may reflect the general collapse of the chain or, alternatively, may accomplish 640
the forward movement of a deeper lithospheric thrust, in a similar fashion of the model by Avouac et 641
al. (1992) in which normal faults form above marked changes in thrust profile (i.e., above the ramp-642
to-flat transition). This latter interpretation is supported by the occurrence of a deeper earthquake 643
(Mw=4.2, 33-km depth; INGV, 2007) showing pure compressional focal solution, which struck the 644
Frignano area (northwest, along-strike, the Mugello basin) a few months earlier (December 28, 645
2007) than the Mugello seismic sequence (Fig. 1).646
No important seismicity is documented beneath the Casentino basin (Section B-B’, Fig. 14). 647
This is consistent with the observation that no relevant normal faults have been detected at the 648
surface. On the other hand, the occurrence of a macroseismic epicenter in the southeastern 649
Casentino basin (Fig. 3c) suggests the existence of active faulting. The external sector of transect B-650
B’ is dominated by compressive focal mechanism solutions over a range of hypocentral depths 651
between 10 and 25 km. At shallower levels, extensional focal mechanisms dominate, thus also 652
suggesting the cohexistence of these two contrasting faulting regimes (section B-B’, Fig. 14). 653
Again, we suggest the compressive seismic events could record motion on active thrusts (surfacing 654
more externally, at the Pede-Apennine margin and the Ferrara folds) with normal faulting occurring 655
as the superficial accomodation.656
In contrast, numerous extensional focal mechanism solutions are documented below the 657
Sansepolcro basin (section C-C’; Fig. 14). The seismicity is consistent with the imaged northeast 658
dipping faults bounding the southwestern basin margin. Interestingly, extensional focal mechanisms 659
solutions seem to delineate another, more external, low–angle normal fault beneath the main chain 660
(Fig. 14). Taking into account that the Romagna Apennines have been deformed by late NE-dipping 661
back-thrusts (see Section 4.1), may be some of the low-angle normal faults described in this area 662
(Boncio et al., 2000; Collettini and Barchi, 2004) could result from the extensional reactivation of 663
these structures. Reactivation of pre-existing backthrusts could represent an additional model for 664
explaining the initiation of low-angle normal faults in the Northern Apennines, similarly to what 665
described in the Basin and Range Province of the Western U.S. (e.g., Smith and Bruhn, 1984). 666
Likewise in the Mugello basin, such foreland-dipping normal faults could accommodate the 667
forelandward movement of deeper thrusts.668
669
5. Conclusive remarks670
The results of this study, integrating structural, stratigraphic and seismic data, suggest the 671
following main conclusions:672
1. The internal tectono-sedimentary architecture of the investigated intermontane basins (in 673
terms of progressive unconformities and deformation characteristics of deposits) accords 674
with a compressional setting, and is not compatible with a development under an extensional 675
setting, which has been classically proposed.676
2. The tectonic evolution of these basins can be essentially framed into a two-phase faulting 677
history, specifically (1) a basin initiation under a compressional regime, and (2) a successive 678
(middle-Pleistocene to Present) normal faulting event. Such a tectonic change correlates 679
well with the transition from the fluvio-lacustrine to the alluvial sedimentation.680
3. The active extensional faults documented in the studied area accord well with the presence 681
of an axial extensional belt in the Apennines at upper crustal levels (e.g., Chiarabba et al., 682
2005; Pondrelli et al. 2006a, b; Basili and Barba, 2007). The results of this study suggest 683
this belt to be composed of discrete subsiding areas that appear not to be related to the 684
presence of a single NE-dipping large low-angle normal fault; the local emergence at the 685
surface of foreland-dipping normal faults may accommodate the forelandward movement of 686
deeper thrusts. 687
4. The deduced chronology of deformation, as well as the geometry and extrapolation of active 688
structures at depth, may influence reconstructions of the tectonic evolution. The initial 689
formation of the basins by compression has an obvious influence on the estimate of vertical 690
separation and slip-rate on the late normal faults. Consequently, these elements must be 691
carefully taken into account in further estimates of seismic hazard.692
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Figure captions1015
1016
Figure 1. Simplified tectonic sketch map showing the main structural elements of the Northern 1017
Apennines. Mu, Mugello Ca, Casentino, Ss, Sansepolcro.1018
1019
Figure 2. Structural map of the external sector of the Northern Apeninnes. Boxes indicate detailed 1020
geological maps discussed in the text.1021
1022
Figure 3. (a) Focal Mechanisms from ETHZ, INGV and EMMA datasets; (b) Instrumental 1023
seismicity from the CSI 1.1 Catalog; (c) Historical seismicity from the CPTI04 Catalog. Section1024
lines and areas are displayed (see also Figure 14). Colors of focal mechanisms depends on the 1025
source (i.e. dataset) and on the depth, while colors of the CSI 1.1 catalog are only a function of the 1026
depth. The size both of focal mechanisms and hypocenters is the function of moment scalar and 1027
magnitude. INGV and ETHZ datasets include data recorded by Mediterranean VBB stations with 1028
M≥4.5 starting respectively from the 1976 and 1997 years. The EMMA dataset includes data 1029
available in literature. The two strongest CSI1.1 instrumental events that occurred in the examined 1030
area are the earthquakes of 2000, May 10 (at 16:52:12, Lon: 11.9325°, Lat: 44.2437°, Depth: 23.1 1031
Km) and 2001, November 26 (at 0:56:56, Lon: 12.1087°, Lat: 43.6°, Depth: 5.5 Km) both with ML 1032
= 4.4. Also shown are the two focal solutions (http://mednet.rm.ingv.it/quick_rcmt.php) of recent 1033
earthquakes (2008, March 01) close to the Mugello basin (at 07:43:13, Lon: 11.31°, Lat: 44.09°, 1034
Depth: 10 Km, Mw=4.78 and 08:43:46, Lon: 11.22°, Lat: 44.06°, Depth: 5 Km, Mw=4.33). 1035
“Epicenter error ellipse” represents the probability that the macroseismic epicenter being in the 1036
ellipse is 39%, while “seismogenic azimuth box std” is the standard deviation (68.27% confidence 1037
interval) in degrees, in the range [0-90] of the seismogenic box azimuth. Mu, Mugello basin; Ca, 1038
Casentino basin; Ss, Sansepolcro basin; Ar, Arezzo basin.1039
1040
Figure 4. Cumulative moment tensors computed using the Kostrov (1974) seismic moment 1041
summation method, using a regular grid with mesh of 0.125 degrees both in latitude and in 1042
longitude. A different depth for each cell is adopted: 0-10 Km (a, c and e) and 10-25 Km (b, d and 1043
f). (a, b) Frohlich ternary diagram representation with RGB colour (red corresponds to a purely 1044
compressive regime, green to strike-slip regimes, blue to purely extensional regimes and composite 1045
colors indicate mixed tectonic regimes) and plot of P (black) and T (white) axes on horizontal 1046
planes. (c, d) Focal mechanism beach balls; within each cell the plot is in the barycenter of the 1047
epicentral earthquake distribution, weighted by the earthquake magnitude. (e, f) Plot of cells on the 1048
Frohlich diagram.1049
1050
Figure 5. Geological-structural map of the Mugello Basin and surrounding substratum, and 1051
interpretative longitudinal and transverse cross sections. Note in section BB’ the sudden increase of 1052
the depth of Pre-Quaternary substratum crossing the fault system toward the west. The stereonet 1053
reports cumulative mesoscopic faults collected along the northeastern Mugello margin. The data are 1054
consistent with backthrust deformation.1055
1056
Figure 6. Deformation of early Pleistocene fluvio-lacustrine sediments near the north-eastern 1057
margin of Mugello basin. Such features are consistent with a back thrust-related deformation along 1058
this margin. (a) Near vertical-overturned, beds of (1st sub-unit) fluvio-lacustrine deposits. (b) 1059
Progressive unconformities (oblique view) pointing to the syn-depositional growth of a backfold 1060
anticline near Ronta; 1st, first sub-unit; 3rd, third sub-unit. (c) Back fold and (d) upper part of a 1061
triangle-zone along the Pesciola creek. On the fault plane are preserved coherent kinematic 1062
indicators (mainly slickenlines). Inset illustrates the overall structural kinematics and the grey box 1063
indicates the position of the outcrop. See photo point of views in Fig. 5. (e) View of the backthrust 1064
bounding the Mugello basin along the northern margin. The backthrust is evidenced by1065
morphologic scarp (denoted by the tip of white triangles) between the siliciclastic sandstones (aFC) 1066
overthrusting marls and shales (SV). Deformed late Pliocene-early Pleistocene deposits of fluvio-1067
lacustrine Mugello basin are present to the south.1068
1069
Figure 7. (a) Digital elevation model (20m resolution) of the northern margin of the Mugello basin 1070
showing the lateral extent of the Ronta fault system (indicated by arrows). (b) Transverse 1071
topographic profile (trace indicated in a) showing the morphological expression of the Ronta 1072
normal faults displacing the erosional surface S1.1073
1074
Figure 8. (a) Morphotectonic map of the southern margin of Mugello basin superposed onto 1075
a Digital Elevation Model with 20 meters resolution on the horizontal scale and 1 m resolution in 1076
the vertical scale. Terrace dips are calculated over at least a 3 km map distance thus measuring 1077
differences in elevation of the order of tens of meters. The Sieve fault controls both the rectilinear 1078
mountain front and the development of a centripetal drainage network characterized by drainage 1079
diversions at both sides of the Sieve River. (b) Topographic profiles (locations in a) reveal the 1080
tilting of T3 and T2 middle late Pleistocene terraces with tilts that increase progresively toward the 1081
eastern side of the basin. (c) Interpretative cross-section constrained by stratigraphic logs (w1, w2, 1082
w3) showing the thickening of Holocene and late Pleistocene alluvial sediments toward the 1083
mountain front. (d) Along-strike steepness variation of terraces; note the abrupt steepness increase 1084
from profile 3 south-eastwards.1085
1086
Figure 9. (a) Geological-structural map of the Casentino Basin and surrounding substratum. (b) 1087
Geological cross sections. The stereonet reports cumulative mesoscopic faults collected along the 1088
northeastern Casentino margin. The data are consistent with backthrust deformation.1089
1090
Figure 10. Geological-structural map of the Arezzo-Sansepolcro basins and surrounding substratum. 1091
The stereonets report cumulative mesoscopic faults collected along the transverse fault zone 1092
connecting the Arezzo and Sansepolcro basins (1), as well as along the northeastern Sansepolcro 1093
margin (2 and 3). Faults indicate the predominance of right-lateral movements along the transverse 1094
fault zone, and the superposition, at the northeastern basin margin, of normal faults (3) onto the 1095
backthrusts (2).1096
1097
Figure 11. (a) Uninterpreted (adapted from Barchi, 2007), and (b) line-drawing of a seismic profile 1098
across the Sansepolcro basin (trace in Fig. 10). The seismic interpretation shows that the 1099
Sansepolcro basin evolution has been controlled by a backthrust, and by successive normal faults. 1100
Light grey in the interpreted seismic section indicates a (Pliocene ?) lower seismostratigraphic basin 1101
unit. Thick grey dashing indicates the inferred basin bottom.1102
1103
Figure 12. (a) Morpho-tectonic map of the southwestern sector of the Upper Tiber basin. The 1104
mountain front of the Anghiari range is quite linear to the north, with alluvial fans, faceted spurs, 1105
and terraces at its base. Stratigraphic logs in the Monterchi area reveal a local depocentre 1106
characterized by thickening of the sediment succession toward the fault trace (A-B cross-section). 1107
The hydrographic network records episodes of drainage diversion generating relict paleovalleys. 1108
Meandering channels are present between the two most recent fault segments, suggesting a possible 1109
interaction with tectonic tilting. A chronology of fault activity has been recognised: the Anghiari 1110
and Citerna faults are the most recent features, cutting the older Fighille and Sovara fault systems. 1111
1112
Figure 13. Geological map of the northern Romagna Apennines, and geological cross-section 1113
(modified from Montanari, 2005, and Montanari et al., 2007).1114
1115
Figure 14. Plot of seismicity contained in the dotted areas of Figure 3a, b projected along the solid 1116
lines A-A’, B-B’, and C-C’. For each section focal mechanisms of EMMA, ETHZ and INGV 1117
datasets, as well as the instrumental seismicity from the CSI 1.1 catalog, are represented. Colors and 1118
size symbols both of focal mechanisms and of the CSI 1.1 catalog are the same as those in Figure 3 1119
(for details see caption of Figure 3).1120
1121
Table 1. Focal Mechanisms available in the study area (Figure 3a) from ETHZ, INGV, EMMA 1122
datasets. Moment Tensor Cartesian Components (Mrr, Mtt, Mff, Mrt, Mrf, and Mtf) in Harvard 1123
convention system. Each component is scaled to M0exp. Acronyms indicate the papers from data 1124
are derived: Alb_BSGI2005= Albarello et al., 2005; Eva_GNGTS1993 = Eva and Pastore, 1993; 1125
Fre_GJI1997 = Frepoli and Amato, 1997; Gas_TPHY1985 = Gasparini et al., 1985; Pic_TN2006 = 1126
Piccinini et al., 2006; San_AGEOF2003 = Santini, 2003.1127
1128
Table 2. Historical earthquakes in the study area (Figure 3c) from CPTI Catalog. Standard 1129
deviations (std) calculated by bootstrap analysis from the macroseismic intensities (# Ints). 1130
Epicenter error ellipse are defined by calculating the eigenvalues and eigenvectors from the 1131
variance-covariance matrix.1132
1133
Table 3. Main parameters of focal mechanisms sum in the depth interval 0-10 Km. Parameters are 1134
plotted in Figure 4a, c, e. Cos(Plunge) for P and T axes is in the range [0-1] respectively for 1135
horizontal (Plunge=0°) and vertical (Plunge=90°) axis. Frohlich “h” and “v” plots are respectively 1136
the horizontal and vertical coordinates of each cell on the ternary diagram (e), with respect to the 1137
triangle centre.1138
1139
Table 4. Main parameters of focal mechanisms sum in the depth interval 10-25 Km. Parameters are 1140
plotted in Figure 4b, d, f. Cos(Plunge) for P and T axes is in the range [0-1] respectively for 1141
horizontal (Plunge=0°) and vertical (Plunge=90°) axis. Frohlich “h” and “v” plots are respectively 1142
the horizontal and vertical coordinates of each cell on the ternary diagram (f), with respect to the 1143
triangle centre.1144
1145
Table 5. Main parameters of focal mechanisms sum in the depth interval 25-50 km. Parameters are 1146
not plotted in any figure.1147
1148
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Abstract 16
We examine the tectonic evolution and structural characteristics of the Quaternary intermontane 17
Mugello, Casentino, and Sansepolcro basins, in the Northern Apennines fold-and-thrust belt. These 18
basins have been classically interpreted to have developed under an extensional regime, and to mark 19
the extension-compression transition. The results of our study have instead allowed framing the 20
formation of these basins into a compressive setting tied to the activity of backthrust faults at their 21
northeastern margin. Syndepositional activity of these structures is manifested by consistent 22
architecture of sediments and outcrop-scale deformation. After this phase, the Mugello and 23
Sansepolcro basins experienced a phase of normal faulting extending from the middle Pleistocene 24
until Present. Basin evolution can be thus basically framed into a two-phase history, with 25
extensional tectonics superposed onto compressional structures. Analysis of morphologic features 26
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has revealed the occurrence of fresh fault scarps and interaction of faulting with drainage systems, 27
which have been interpreted as evidence for potential ongoing activity of normal faults. Extensional 28
tectonics is also manifested by recent seismicity, and likely caused the strong historical earthquakes 29
affecting the Mugello and Sansepolcro basins. Qualitative comparison of surface information with 30
depth-converted seismic data suggests the basins to represent discrete subsiding areas within the 31
seismic belt extending along the axial zone of the Apennines. The inferred chronology of 32
deformation and the timing of activity of normal faults have an obvious impact on the elaboration of 33
seismic hazard models.34
35
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37
1. Introduction 38
The belt of the outermost hinterland intermontane Tuscan basins, located near the main 39
Apenninic watersheddivide, is crucial for assessing the active tectonics and the related seismic 40
hazard of the Northern Apennines (Fig. 1). Classical models frame the post-late Miocene evolution 41
of the hinterland sector of the Northern Apennines into an extensional processes related to the 42
opening of the northern Tyrrhenian Sea. In this hypothesis, the basins, controlled by normal faults at 43
their margins, become younger from west to east, following the migrating extensional wave 44
(Martini and Sagri, 1993; Martini et al., 2001 and references therein). Along the main Apennine 45
divide the active stress field is also considered to be extensional, with a roughly NE-SW-oriented 46
minimum stress (σ3) axis, as suggested by focal mechanisms (Pondrelli et al., 2002, 2006a; 47
Chiarabba et al., 2005). The occurrence of compressive focal mechanisms along the northeastern 48
side of the Northern Apennines chain, as well as along the Romagna foothills, raises the question of 49
the location of the extension - compression boundary.50
The results of a large amount of structural and geophysical data (Piccardi et al., 1997; 51
Boccaletti et al., 1995, 1999; Bonini et al., 2001; Bonini and Sani 2002; Cerrina Feroni et al., 2006) 52
integrated with detailed stratigraphic information on the basin fill (Benvenuti, 1997; Benvenuti and 53
Papini, 1997; Benvenuti and Degli Innocenti, 2001; Benvenuti et al., 2001), indicate the evolution 54
of the internal sector of the Northern Apennines to be more complex as most of the oldest (late 55
Tortonian-late Pliocene) basins originated and developed in a compressive stress field, implying 56
that the effects of the Tyrrhenian opening were confined more to the west, in the current offshore 57
area (Fig. 1). The contacts between the deposits and the pre-Neogene substratum at the basin 58
margins is generally stratigraphic, while normal faults, when present, usually dodid not control 59
sedimentation but cut the whole sedimentary succession, thus postdating basin development. 60
The present paper examines three external continental basins, namely Mugello, Casentino 61
and Sansepolcro, which have been preliminarily interpreted to have formed under a compressive 62
regime active up to the end of the early Pleistocene (e.g., Boccaletti et al., 1999). Other 63
interpretations relate these basins to the presence of a large NE-dipping normal fault (Boncio et al., 64
2000; Barchi, 2007). Some of the normal faults present in the study area are very recent structures 65
(i.e., post-middle Pleistocene), showing the characteristics of potential active faults. Compressive, 66
extensional and strike-slip focal mechanisms with very different hypocentral depths may coexist in 67
this sector, and distribution of seismicity shows some clusters of events contrasting with areas 68
where earthquakes are scarce.69
Aim of this paper is (1) to give some insights for explaining the complexity of the seismicity 70
of this sector, and (2) to propose an integrated evolutionary model for the Quaternary tectonics of 71
this area, which has clear implications for assessing seismic hazard estimates.72
73
2. Tectonic framework74
2.1 Geological setting75
The study area, extends for about 130 km in length along the main Apenninic76
watersheddivide and covers a wide sector of the Northern Apennines chain (Fig. 2). The three late 77
Pliocene(?)-Quaternary basins (Mugello, Casentino and Sansepolcro basins) are superimposed on 78
the complex nappe pile forming the Northern Apennines thrust-fold belt that developed during the 79
Tertiary in a continental collisional setting (Vai, 2001, and references therein). The uppermost 80
tectonic units of this stackstacking are the ocean-derived Ligurian Units (Jurassic-Eocene), widely 81
outcropping throughout the area, together with their satellite basins (the so-called Epiligurian Units, 82
Oligocene-early Miocene in age; Ricci Lucchi, 1987; Boccaletti et al., 1990; Bortolotti et al., 2001). 83
Scattered outcrops of Sub-Ligurian Units (Paleocene-Eocene), deposited in the transitional zone 84
from the ocean to a continental passive margin, occur throughout the area (Fig. 2). All these units, 85
which were deformed during a Cretaceous-Eocene subduction-related orogenic phase, tectonically 86
rest on the Tuscan and Romagna Units (Triassic-Miocene) deposited on the thinned continental 87
passive margin of the Adria Plate. In the study area, these Tuscan and Romagna Units are mainly 88
composed of the typical turbidite successions, which filled the Apennine foredeep since the late 89
Oligocene. Tuscan units are formed by two major units namely the Macigno and the Cervarola-90
Falterona units (Abbate and& Bruni, 1987; Fig. 2). These thick (>2500 m up to 4000 m) turbidite 91
successions are in general detached from their stratigraphic substratum represented by slope marls, 92
and are arranged in thrust systems, which formed since the early Miocene (Ricci Lucchi, 1986). 93
During this time span, turbidite sedimentation was controlled by the northeastward advancing chain. 94
Some of the major thrusts are rooted at depth and interfere with the more superficial thrust faults, 95
resulting in the complex structural setting displayed on Fig. 2 (Ricci Lucchi, 1986). .96
The polyphasepolyphased compressive tectonics, which gave rise to the current fold and 97
thrust belt, continued after the end of turbidite deposition, as suggested by out-of-sequence thrusting 98
and reactivation of older thrusts (Boccaletti and Sani, 1998; Finetti et al, 2005). The interpretation99
of the evolution of the late Pliocene-Quaternary chain evolution is still a matter of debate. Most 100
authors consider the Mugello, Casentino and Sansepolcro basins as grabens or half grabens, 101
developed in an extensional regime since  the Neogene (Coli, 1990; Martini and Sagri, 1993; 102
Martini et al., 2001). In this frame, other researchers inferred their development to be tied to a 200-103
km-long low angle normal fault system (the so-called “Etrurian fault system” of  Boncio et al., 104
2000; Barchi, 2007; Mirabella et al., 2007).105
Our data, integrating widespread and detailed field mapping (sheets 252, 264, 277, 278: 106
Bettelli at al., 2002; Bortolotti et al., 2008 a, b; Regione Toscana 2002-2006), structural and facies 107
analysis of basin fill, as well as structural analysis of the fold and thrust belt, especially near the 108
basin margins, allow us to propose a new, and more complex, tectonic scenario. In particular, the 109
late Pliocene-early Pleistocene Mugello, Casentino and Sansepolcro basin evolution was greatly 110
affected by activity and/or reactivation of thrusts and back-thrusts. Since the middle Pleistocene, the 111
tectonic evolution of such basins was also conditioned by normal faults and major transverse 112
lineaments that acted as tear or transfer faults. 113
114
2.2. Earthquake data and seismotectonic setting115
Currently the study area is affected by a seismic activity that is highly variable in terms of 116
intensity, depth, and kinematics. To characterize the seismotectonics of the area we performed an 117
analysis of earthquakes within the area defined byamong longitude 11°-12.5° and latitude 43°-118
44.5°, using the available catalogs of focal mechanisms, instrumental and historical seismicity 119
(Figure 3a, b and c). For the focal solutions we used:120
i) an updated (3.0) version of Earthquake Mechanisms of the Mediterranean Area (EMMA) 121
database (Vannucci and Gasperini, 2004) (available at 122
http://ibogfs.df.unibo.it/user2/paolo/www/EMMA30/) including the focal solutions 123
available in the literature, checked and in some cases corrected if misprinted or mistaken, 124
using the Gasperini and Vannucci (2003) routines.125
ii) the Regional Centroid Moment Tensors (RCMT) catalogs of the Istituto Nazionale di 126
Geofisica e Vulcanologia of Rome (INGV, Pondrelli et al., 2002, 2004, 2006a, 2006b, 127
integrated with Quick RCMTs);128
iii) the Moment Tensor (MT) catalog of the Eidgenössische Technische Hochschule of Zurich 129
(ETHZ, Braunmiller et al., 2002), 130
“Best” focal mechanisms are shown for each event (i.e. the more representative solution 131
when more than one solution is available for a same earthquake) using criteria of choice according 132
to Vannucci and Gasperini (2003, 2004) (Table 1 and Fig. 3a). For the instrumental and historical 133
seismicity we used the CSI1.1 catalog (Castello et al., 2006) with earthquakes in the period 1981-134
2002 and the CPTI04 catalog (CPTI Working Group, 2004) with events in the period 217 BC-2002 135
AD respectively. In Figure 3b we plotted 3848 earthquakes with magnitude determined from the 136
CSI1.1 catalog (Castello et al., 2006), out of a total of 6766 events (2918 are lacking a of 137
magnitude). Table 2 and Figure 3c show the historical seismicity from the CPTI04 Catalog (CPTI 138
Working Group, 2004) with information about the size and orientation of the box (i.e. of the 139
seismogenic source) derived from the distribution of macroseismic intensities. In particular, the 140
circular meanmedia of the geographic distribution of localities (i.e. intensities) could be used to 141
determine an azimuth of a possible seismogenic source that in many cases fits the strike orientation 142
of known seismogenic faults (see Gasperini et al., 1999 for more details). Length and width of the 143
seimogenic box are derived from empirical relations (Wells and Coppersmith, 1994), as a function 144
of earthquake magnitude. Macroseismic boxes as well as the epicenter error ellipses are represented 145
for earthquakes with M5.2. Errors (Standard Deviation - std) (see equation (1)) relating to the 146
main parameters (θ) derived from macroseismic data (epicenter location, equivalent magnitude, box 147
orientation, length and width of the boxes) are computed by using a “bootstrap” elaboration (Efron, 148
1979, 1981; Efron and Tbishirani, 1986; Hall, 1992; Fan and Wang, 1996) based on a variance and 149
covariance analysis of n resampling random datasets of the original distribution of macroseismic 150
intensities and where m is the mean value of all the random bootstrap datasets. Sampling bootstrap 151
dataset include the same number of data (i.e. intensities) as the starting dataset.152
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In order to characterize the tectonic deformation regime, we followed well-known 154
procedures (e.g., Kostrov, 1974; Jackson and McKenzie, 1988; Westaway, 1992; Pondrelli et al.,155
1995; Serpelloni et al., 2007; Vannucci et al., 2004, and the web page: 156
http://www.ingv.it/seismoglo/atlas). To avoid an arbitrary choice providing the best compromise 157
between resolution and reliability of the derived seismic deformation, we derived the seismic strain 158
tensors by summing seismic moment tensors (Kostrov, 1974) over a 0.125°x0.125° grid mesh and 159
different depth intervals. We have distinguished the crustal and subcrustal earthquakes by 160
considering three main depth intervals (0-10, 10-25 and 25-50 km). It is worth notingto note that 161
where rapid transitions among different regimes are likely to occur, or where a great variability of 162
tectonic regimes is present, this choice can lead to the summation of non-coherent focal solutions. 163
The moment tensor sums (main parameters in Tables 3, 4 and 5) are displayed in Figure 4 both for 164
the depth interval 0-10 km (Fig. 4a, c, e) and 10-25 km (Figure 4b, d, f). For each cell-volume (i.e. 165
cell and its depth interval), the tectonic regime indicated by an RGB color (Frohlich, 1992, 2001; 166
Fig. 4a, b;) is shown on a ternary diagram(see the colored triangle inset in Fig. 4).167
The main seismic strain directions of cumulative moment tensors are also shown by plotting 168
the horizontal projection of the maximum compression (P, in black) and tensiontraction (T, in 169
white) axes (Figure 4a, b). To allow a clear representation of the tectonic regimes, the plot of the 170
cells are shown on a ternary Frohlich diagram for depth intervals of 0-10 and 10-25 km (Fig. 4e, f). 171
The coordinates of each cell on the Frohlich ternary diagram are indicated in Tables 3, 4 and 5 by 172
the horizontal (h) and vertical (v) distances from the center of the triangle. The deformation regime, 173
derived from the cumulative moment tensor, is also displayed by using a the beach-ball 174
representation (Fig. 4c, d). The sizeSize of beach-balls is scaled to the cumulative scalar moment 175
and their location is not in the geometric center of cells, but in the barycenter of the epicentral 176
distribution, weighted by the earthquake magnitude (Vannucci et al. 2004). It is worth notingto 177
note, however, that the size and the scalar moment (M0) of the beach-balls is not a quantitative 178
estimate of the real moment release in each area because the focal mechanism database is 179
incomplete due to the sporadic nature of the literature used for the EMMA dataset and to the short 180
time span covered by INGV and ETHZ databases. 181
Considering the 0-10 km-depth interval, the results of these elaborations indicate that a 182
dominant circaabout NE-SW-oriented extension characterizes the belt of the intermontane basins 183
(Fig. 4a). Elsewhere, the deformation shows a more hybrid character, such as the compressive-to-184
transpressive solutions determined southeast of the Sansepolcro basin, and the compressive-to-185
transcurrent deformation in the Romagna Apennines, from the northeastern margin of the Mugello 186
basin to the Pede-Apennine foothills (Fig. 4a). More enigmatic is the compressive cell situated in a 187
very internal position (westernmost part of the study area, at 11,1°E and 43.2°N). The data for the 188
seismic events falling in the 10-25 km-depth interval show instead a more consistent character (Fig. 189
4b). Compressive cells clearly dominate the Romagna Apennines and extensional cells are 190
restricted to the belt of the intermontane basins. These observations might indicate that the 191
extension-compression transition is better expressed at deeper levels where structural and 192
rheological conditions are expected to be more homogeneous, than in the shallow crust, which 193
includes the more heterogeneous sedimentary cover.194
195
3. Basin evolution196
3.1. The Mugello Basin: location and bedrock geology197
The Mugello Basin, is a 25 km long, WNW-ESE-trending depression that extends , extending 198
along the Sieve river at a roughly 30 km north of Florence and is filled with late Pliocene (?) -199
Pleistocene alluvial and lacustrine deposits (Figs. 2 and 5).200
The basin substratum consists of tectono-sedimentary units piled up in an imbricated mainly 201
NE-verging and NW-SE-trending thrust-sheet system affecting the Ligurian, Tuscan, and Romagna 202
units. The uppermost Ligurian units are locally completely eroded, forming inat places small 203
klippen. Ins. At places thrust faults are cut by transverse NE-SW trending tear faults. The general 204
structure is complicated by the presence of SW-verging back-thrust faults and folds that locally 205
appear clearly superimposed onto the NE-verging thrust and folds system. This is particularly 206
evident at the northeastern margin of the basin where the major back-thrust is located extends (Fig. 207
5). Another structural peculiarity of the northeastern basin margin is the so-called “Ronta fault 208
system” (e.g., Coli et al., 1992; Fig. 5), which is composed of SW-steeply dipping normal faults209
arranged in a few parallel 1-4 km-long fault segments generally trending sub parallel to the thrust 210
faults and to the back-thrust. This system is laterally confined within two transverse structures, 211
which also affect the back thrust (Scarperia and Vicchio trasverse faults) (Ge.Mi.Na., 1962; Fig. 5). 212
213
3.1.1. Fluvio-lacustrine and alluvial successions214
The infilling of the Mugello basin occurred in two consecutive phases originating a lower215
fluvio-lacustrine unitsynthem, and an upper alluvial unitsynthem (Benvenuti, 1997, 2003). The 216
fluvio- lacustrine succession has been subdivided into three sub-unitssynthems (Fig. 5). During the 217
early fluvio-lacustrine phase the Mugello basin had an internal drainage, and peat and silty clay (up 218
to 100 m-thick) were deposited in a palustrine environment in the western part of the basin 219
(Barberino di Mugello sub-basin) separated by a bedrock threshold from the strongly subsiding 220
southern part (Borgo S. Lorenzo sub-basin), where more than 600 m of sediment accumulated 221
(Ge.Mi.Na., 1962). This thicker succession consists of a basal wedge of alluvial gravels and sands, 222
about 20 m thick, detected only by cores (Ge.Mi.Na, 1962), overlain by lacustrine silty clay 223
interbedded with lignite lenses and fan-deltaic gravels and sands mainly derived from the northern 224
basin margins.225
In the Barberino di Mugello sub-basin, lignite seams apparently developed from the flooding 226
of a former proximal fluvial catchment. The stratigraphic contacts between lacustrine deposits and 227
bedrock, traceable on the surface and from cores (Regione Toscana, 2007), indicate that the 228
lacustrine-palustrine deposits filled distinct troughs separated by bedrock highs, which are not 229
bounded by faults, and thus are here interpreted as bedrock interfluves of pre-existing paleovalleys. 230
AtIn the northwestern edge of the Borgo S. Lorenzo sub-basin, early palustrine environments 231
developed in small recesses confined by NW-SE-trending bedrock ridges that are parallel to the 232
main thrust faults running on the northern basin margin. It is here suggested that sheltered lake 233
coasts favouring the establishment of swamps and marshes, developed in structural lows inherited 234
by pre-Quaternary thrust tectonics. The chronostratigraphic extent of the fluvio-lacustrine phase has 235
been established on the basis of terrestrial vertebrate fauna, and it corresponds mostly to the early 236
Pleistocene, with a possible onset in the late Pliocene (Tasso Faunal Unit, Abbazzi et al., 1995).237
The modern alluvial plain is confined along the southern side of the basin, where the Sieve 238
River flows toward the east (Rinaldi and Rodolfi, 1995). Five terraces increasing in elevation and 239
age, three of alluvial and two of erosional origin (e.g. Merritts et al., 1994), have been distinguished 240
within the basin and surroundings areas. T1, T2 and T3 terraces (middle Pleistocene-Holocene) are 241
widespread along the entire basin and correspond to three major episodes of base-level fall that 242
occurred during the alluvial phase subsequent to the fluvio-lacustrine stage. They constitute time 243
markers made of variably pedogenized gravels, sands and muds a few tens meter thick (Sanesi, 244
1965; Benvenuti, 1997; Benvenuti and Papini, 1997). Erosional surfacesurfaces S1 and S2, broadly 245
referred to the late Pliocene-early Pleistocene boundarytransiction and constituting remnants of the 246
paleo-topography of the Northern Apennines (Bartolini, 1980), affects the bedrock determining a 247
stepped-like profile of the northern margin of the basin (Fig. 5).248
249
3.1.2. Tectonic control on basin development250
During the fluvio-lacustrine phase, compressive tectonics seems to have controlled most of the 251
basin evolution. The development of fan deltas, which mostly prograded from the northern margin 252
of the Borgo S. Lorenzo sub-basin during the early Pleistocene (Benvenuti, 1997, 2003), was 253
strongly affected by syndepositional uplift and tilting, as is indicated by the pinch-out of deposits 254
and occurrence of angular progressive unconformities (sensu Riba, 1976; Benvenuti, 1995; 255
Boccaletti et al., 1995, 1999; Fig. 6b). Here, in fact, the deposit dip of the deposits ranges from 256
vertical in the oldest strata to 10° in the youngest ones, dipping toward the SSW (see cross section 257
A-A’ in Fig. 5 and Fig. 6). On the southern margin of the Borgo S. Lorenzo sub-basin the less 258
developed fluvio-lacustrine deposits (Benvenuti, 1997, 2003; Benvenuti and Papini, 1997) dip to 259
the NE with dipsinclinations not exceeding 30°. On the whole, the fluvio-lacustrine succession in 260
the Borgo S. Lorenzo sub-basin outlines a broad synclinesynclinorium with a more deformed limb 261
along the northeastern margin (see section A-A’ in Fig. 5).262
Field mapping and structural analysis carried out in the Mugello Basin relate the sedimentary 263
evolution of the Borgo S. Lorenzo sub-basin to the activity of a the back-thrust deforming the 264
northeastern basin margin (Fig. 5). This margin is characterised by diffuse evidencediffused 265
evidences of a SSW-verging thrust-related deformation, such as faults and folds, near vertical-266
overturned beds and progressive unconformities, which clearly affects the basin substratum and the 267
adjacent basin deposits (see that show consistent outcrop-scale compressive structures (Fig. 6). 268
At the NE margin, where the backthrust is buried underneath the basin deposits, their bedding 269
shows a consistent vertical to overturned dip (Fig. 5 and 6a), progressively decreasing towards the 270
centrecenter of the basin (see cross section A-A’ in Fig. 5). This depositional architecture, together 271
with thrust-related deformation in the first and second fluvio-lacustrine sub-unitsynthem sediments, 272
unequivocally points to the syn-sedimentary uplift of the northe-eastern basin margin (Fig., 6b). We 273
interpret this geometric configuration as a clue to the early Pleistocene activity of the backthrust 274
system, buried in the central sector of the northern margin and visible in outcrop along-strike (NE 275
of Scarperia and Villore area) (Figs. 5 and 6e). The deposits of the youngest fluvio-lacustrine sub-276
unitsynthem overlying the back-thrust are not deformed. Accordingly, the end of back-thrust 277
activity can be dated to the end of the early Pleistocene.278
279
3.1.3. Potential active faults280
In this section we discuss some of the structures that might be responsible for the seismicity 281
of the Mugello area. These structures has been referred to three fault systems: The Ronta Fault 282
system, located at the north-eastern margin of the basin, the Sieve Fault system located at the 283
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southern margin and the Vicchio fault transverse system delimiting the basin to the south east.284
285
Ronta fault system 286
The Ronta Fault system (Fig. 5), composed of steeply-dipping normal faults, extends 8-10 287
km parallel to the north-eastern basin margin and affects the bedrock, and is 288
superimposedsuperimposing onto the previous NE-verging contractional structures. Although no 289
certain dating of erosional surfaces S1 and S2 is available, we consider these surfaces as relicts of 290
the same late Pliocene paleo-topography (erosional surface S1)  prior to the formation of the 291
Mugello Basin (about 1.8 Ma, e.g. Bartolini, 1980). These surfaces currently outcrop at different 292
elevations on the hangingwall and on the footwall of the Ronta fault system. Surface S1 can 293
therefore be taken as a marker to estimate the slip rate of the northern margin of the basin, thus 294
inferring the approximately 300 m difference in elevation as the maximum throw of the Ronta Fault 295
system (Fig. 7). Accordingly, the average long-term vertical slip-rate would be of about 0.16 296
mm/yr. Considering instead normal faulting to have started after the end of compression (ca. 0.8 297
Ma), one would obtain a slip-rate of 0.37 mm/yr. 298
Three main hypotheses can be thus proposed: (1) the extensional Ronta faults may represent 299
second-order structures accommodating a crestal collapse above the back-thrust; (2) they may 300
reflect a more recent extensional stress field superimposed onto the previous compressive 301
structures; (3) the Ronta faults reactivate the previous secondary normal faults associated with the 302
backthrusting. 303
Insights intoon the vertical displacement acrossof the Ronta normal faults may be tentatively 304
obtained by the application of the scaling law relating mean or maximum fault displacement, U, to 305
length L (e.g., Cowie and Scholz, 1992; Dawers et al., 1993; Schlische et al., 1996):306
307
U= L, (2)308
309
with scaling parameter  being ~3 × 10–2 for crustal-scale normal faults (Dawers, 1996). For 310
the Ronta fault system, L is ~10 km (total length). ThusThen, applying eq. (2), the resulting 311
displacement is ~300m, which roughly corresponds tofits the prediction on the displacement of 312
surfacebetween surfaces S1. This result suggests and S2. These features may support an initial 313
correlation between these surfaces, and could indicate a significant depth of the Ronta fault system, 314
which better accords with hypotheses (2) and/or (3).315
Statistical analysis of the surface deformation from analogue modelling supports that the 316
fault pattern may be compatible with a ~N30° stretching direction (Corti et al., 2006).317
318
Sieve and Vicchio fault systems319
The southern margin of the Mugello basin is characterised by approximately NW-SE-320
oriented normal faults known as the “Sieve fault system” (Ge.Mi.Na., 1962; Martini and Sagri, 321
1993; Benvenuti, 1997, 2003) (Figs. 5 and 8). These normal faults do not show associated growth 322
strata and are thus inferred to postdate basin development. Specifically, someThese normal faults 323
are not involved in the main basin evolution as they have not controlled deposition, but cut through 324
the whole succession. Some normal fault segments cut early Pleistocene fluvio-lacustrine deposits 325
(Benvenuti, 1997; Benvenuti and Papini, 1997) for a length of at least 6-7 km in the eastern side of 326
the basin (Borgo San Lorenzo-Vicchio), with throws of some tens of meters (Figs. 5 and 8). 327
Terraces identified at places along the valleys orthogonal to this fault system, are displaced by NW-328
SE trending faults (Benvenuti and Papini, 1997).329
The area extending between Borgo San Lorenzo and Vicchio is characterized by a 330
topographic depression in the alluvial valley of the Sieve river (Fig. 8). Here, the hydrographic 331
network has a centripetal pattern with many drainage reversals evidenced by the abrupt diversion of 332
the right-hand tributaries near the confluence with the Sieve Riverinversions (Sanesi, 1965; 333
Bartolini and Pranzini, 1979; Fig. 8). Stratigraphic logs (W1, W2 and W3) show a sedimentary 334
wedge thickening toward the southshow up to 24 meter-thick clastic deposits in the shallow 335
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subsurface of the alluvial plain that suggests might be related to the Holocene syntectonic 336
sedimentation against the southern margin (Fig. 8c,d). All indications of active tectonics are 337
localized in this area suggesting that present fault activity is limited to the southeastern side of the 338
basin. 339
Topographic profiles across the southern margin of the basin may help to 340
elucidateinvestigate the role of the Sieve Fault system in the late Quaternary phase of basin 341
evolution (Fig. 8b). In particular, we focused on T2 and T3 terrace surfaces by evaluating dip and 342
elevation in order to detect a possible tectonic influence on fluvial sedimentation and dynamics. 343
Terraces T2 and T3 show a drastic increase in the dip at Borgo San Lorenzo, in coincidence with 344
the outcropoutcropping of the Sieve fault system (Fig. 8a). In correspondence of this location, 345
thepoint, dip changes abruptly from 0.15° to 0.7° for T2, and from 0.7° to 1.3° for T3, while Eastthe 346
increase of dip eastward of Borgo San Lorenzo the same terraces show athis point remains lower 347
increase of dip (Fig. 8b, d). Moreover, the dips dip of terraces T2 and T3 in the area of the Sieve 348
fault system increaseincreases progressively from West to East, increasing from 0.1° to 1.1° for T2, 349
and from 0.55° to 1.85° for T3. Terrace T3 is always steeper than the younger terrace T2, as also 350
noted by Sanesi (1965). The difference in dip between terraces T2 and T3 is very similar, being 351
about 0.55° and 0.6° east and west of Borgo San Lorenzo, respectively. This indication might 352
constrain the onset of the Sieve fault system activity after the emplacement of terrace T2, which is 353
older than 25 kyr (Aranguren, 1994). 354
A further fault system showing evidence of active tectonics is the NE-SW oriented 355
transverse Vicchio fault system, limiting the basin on its eastern sideto the East (Fig. 5). This 356
system influenced basin evolution during the early Pleistocene, and appears to contribute, together 357
with the Sieve fault system, to localising the depocenter close to Vicchio as described above (see 358
cross-section B-B’ in Figs. 5 and Fig. 8). This structure appears to deformoffset the main axis of the 359
Sieve River, determining the threshold of the basin, with overflooding to the west and incision to 360
the east (Fig. 5). Moreover, this transverse fault cuts the backthrust, so that it can be considered 361
active at some timeleast since the middle Pleistocene.362
The occurrence of liquefaction phenomena along the Sieve fault system (Galli and Meloni, 363
1993) and east-west-trending coseismic ground fractures near the Vicchio fault system (at Villa 364
Ricci, Capacci, 1920), where a fault cuts early Pleistocene fluvio-lacustrine sediments of the third 365
sub-unitsynthem, have been described after the 1919 earthquake (Imax= IX MCS; M=6.2; CPTI 366
Working Group, 2004) (Figs. 5 and 8). The macroseismic box of the 1919 earthquake suggests the 367
causative fault to be oriented in a WSW-ENE direction (Fig. 3c, approx. Lat. 44°N and Long. 368
11,45°E). This orientation is related neither to the NE-SW-trending Vicchio fault, nor to the NW-369
SE-trending Sieve fault (whose boxesboxesc are dashed in Fig. 3c), but rather corresponds to their 370
average strike. These evidences suggest that the 1919 earthquake was possibly due to the concurrent 371
activation of the easternmost sector of the Sieve and Vicchio fault systems, bounding the basin 372
toward the east (Fig. 5).373
374
3.2. The Casentino Basin: location and geologic setting375
The Casentino Basin is an approximately 15 km-long and 5 km wide depression that drains 376
the proximal catchment of the Arno River (Figs. 1 and 9). This basin is filled by a continental 377
succession subdivided into an Upper Pliocene(?)-Lower Pleistocene fluvio-lacustrine succession 378
followed by a middle-late Pleistocene alluvial portion. This succession unconformably overlies the 379
sustratum here composed of limestone and marlstone of the Ligurian and Suligurian Units 380
overthrusting the Lower-Middle Miocene turbidites of the Cervarola-Falterona Unit. 381
382
3.2.1. Fluvio-lacustrine and alluvial successions383
The fluvio-lacustrine succession is poorly exposed and consists of conglomerates, sands, 384
silty clays, and lignite-bearing clays (Migliorini, 1914; Trabucco, 1921; Principi, 1925; Guidi and 385
Pirini Raddrizzani, 1970; Galligani, 1971). Recent field surveys have allowed subdivision of the 386
fluvio-lacustrine succession into two main sedimentary units bounded by unconformities, from 387
bottom to top, Porrena and Bibbiena units (Bonini and Tanini, 2009in press). The older Porrena 388
unit consists of dominant silt, silty sand, and silty clay, including the lignite beds that were 389
exploited in the past century (Trabucco, 1921; Fig. 9). The younger Bibbiena unit is mainly 390
composed of sand, gravel and silt. Gravel deposits dominate at the northern basin margin and, 391
basinward, they interdigitate with sand and silt (2 km west of Soci; Fig. 9). 392
The alluvial succession is made of variedly weathered gravel and sand with various soils. 393
These terraced deposits, few tens of meters thick, are ascribed to the middle-late Pleistocene, and 394
morphologically delineate three main orders of terraces (Galligani, 1971).395
396
3.2.2. Tectonic control on basin development397
The Casentino basin has been explained in the context of referred to contrasting tectonic 398
scenarios. One hypothesis considers its southwestern margin to be limited by a NE-dipping normal 399
fault segment correlated to the low-angle Alto Tiberina Fault (Boncio et al., 2000; Mirabella et al., 400
2007). An alternative approach considers that this basin developed in a compressional setting 401
(Boccaletti et al., 1996; Delle Donne, 2005). The As a matter of fact, the results of detailed 402
geological mapping (at the scale 1:10,000) by the authors for Regione Toscana (2002-2006) and 403
successive studies, identify indicate that no significant normal faults to which refer basin 404
formation/evolution have been identified. The structural setting of the Casentino Basin can be better 405
explained referred to as a synclinalsynclinorium structure (Lotti, 1910) bounded by two oppositely 406
verging thrusts downthrowing the Ligurian Units (Delle Donne, 2005; Bonini and Tanini, 407
20092008; Fig. 9). More specifically, a thrust-related anticline, running approximately along the 408
Arno River plainplcain between Bibbiena and Poppi, delimits the southwestern Casentino Basin 409
margin, and a system of backthrusts extends from its northeastern margin up to the Mandrioli Pass 410
area (Bonini and Tanini, 20092008; Fig. 9).411
The relations between these compressional structures and the fluvio-lacustrine deposits are 412
illustrated through a detailed geological cross section combining field survey results with well log 413
data, which mapsallows the tracing of the substratum/basin deposits boundary with a satisfactory 414
approximation (Fig. 9, section C-D). The geometry of the Casentino Basin is characterised by open 415
to gentle folds (Fig. 9). An anticline pair bounds the southwestern margin of the Casentino Basin at 416
Bibbiena, in accord with the consistent tilting (up to 40°) of the fluvio-lacustrine beds over the 417
forelimb of the more external anticline (Fig. 9, sections A-B and C-D). The main syncline structure 418
in the fluvio-lacustrine deposits has slightly involved also deformed the uppermost erosional surface 419
affecting the oldest (middle Pleistocene?) terrace. The relatively greathigh thickness of deposits (> 420
100 m, see well S6 in Regione Toscana, 2007) suggests that this syncline represents a basin 421
depocentre associated with the Bibbiena thrust-related anticlines (Fig. 9). 422
The northeastern Casentino Basin margin is apparently controlled by an adjacent blind 423
backthrust that is characterisedmanifested by a consistent SSW-verging overturned anticline (Soci 424
surroundings; Fig. 9). The available well logs allow reconstruction ofreconstructing a very steep 425
deposits-to-substratum contact, and implyto infer a significant thickness of deposits. This suggests426
suggesting an important control on sedimentation exerted by the backthrust near the margin (Fig. 9, 427
section C-D). It is also worth noting that the backthrust kinematics is coherent with the dislocation 428
of fluvio-lacustrine deposits outcropping as patches near Lierna and S. Donato, which are 429
uprelatively lifted (by ca. 60-80 m) relativewith respect to the main basin deposits (Fig. 9).430
Between the northeastern Casentino Basin margin and the main watershed, backthrusts and 431
thrust-related folds systematically displace previous NE-verging structures in the Cervarola-432
Falterona Unit (Fig. 9). For instance, a NNE-dipping backthrust with associated consistent 433
mesostructural data, clearly superposes the Marnoso Arenacea over the older rocks of the 434
Cervarola-Falterona Unit at Badia Prataglia (Fig. 9). No clear evidence of active tectonic structures 435
emerged from the study of the Casentino basin, in agreement with the low seismicity of the area in 436
comparison with the Mugello and Sansepolcro basins (Castelli, 2004; Figs. 3 and 4).437
438
3.3. Arezzo and Sansepolcro basins: location and general geology439
This wide sector (Fig. 2 and 10) includes the Arezzo basin to the west and the Sansepolcro 440
basin to the east. Both basins can be considered portions of a wider fluvio-lacustrine areaareas441
developed during the Pliocene and Quaternary: the Arezzo basin has been connected, at least since 442
the middle Pleistocene, with the wider Valdarno basin to the northwest (Fig. 2) whereas the 443
Sansepolcro basin is presently connected to the major Tiber basin to the south. 444
MajorThe major structures affecting the substratum of these two continental basins are 445
mainly represented by NW-SE to NNW-SSE-oriented and mainly NE-verging thrust faults with 446
their associated ramp anticlines and footwall synclines (Fig. 10). Locally, some thrust faults show 447
geometric features that allowed us to interpret them as out-of-sequence thrusts. In particular, in the 448
northern sector, the Tuscan Unitunit, here represented by the Cervarola Falterona Unitunit, thrusts 449
onto the Ligurian Unitsunits, inverting the original stacking order, and confirming a later 450
reactivation (Fig. 10). Recent field mapping has led to the recognition of back-thrusts at the 451
northeastern margin of the Sansepolcro basin (De Donatis and Mazzoli, 1994; Delle Donne, 2005; 452
Bortolotti et al., 2008a). This thrust system is also dissected by numerous mainly NE-SW-trending 453
high-angle transcurrent faults with a prevailing dextral kinematics (Fig. 10).454
455
3.3.1. Fluvio-lacustrine and alluvial successions456
Continental deposits, that accumulated in two main depositional phases, fill the Arezzo 457
basin. During the lacustrine phase peaty clay and silty clay, locally dipping up to 30°, accumulated. 458
The outcropping lacustrine succession does not exceeded 70 m though cores 459
(http://www.provincia.arezzo.it/TutAmbiente/default.asp) indicate a maximum thickness of about 460
100 m. These sediments are covered unconformably covered by sub-horizontal fluvial 461
conglomerates with a sandy to silty matrix, which are referred to the alluvial phase. These 462
conglomerates, with subordinate silt and sand, show SW-directed palaeocurrents, reflecting 463
transport and deposition in the paleo-Arno drainage. In the upper section, the prevailing lithologies 464
are brown-yellowish silt and sand. The age of the succession is poorly constrained. On the basis of 465
lithostratigraphic correlations with the surrounding upper Valdarno and Chiana basins, whose 466
sediments have been recently re-dated with magnetostratigraphic investigations, the basal tilted 467
lacustrine clays may be inferred to the late Pliocene–early Pleistocene, and the overlying succession 468
to be middle Pleistocene (Napoleone et al., 2003).469
The sedimentary evolution of the Sansepolcro basin consists of two major unconformity-470
bounded stratigraphic units with an exposed thickness of approximatelyappproximately 150 m 471
(Albani, 1962; Benvenuti, 1989; Cattuto et al., 1995). The basal unit is composed of floodplain 472
mudstones alternating with subordinate pebble and sandy beds attributable to the early Pleistocene 473
(Ciangherotti and Esu, 2000; Argenti 2003-2004). This 70 meters-thick succession is tilted toward 474
the SW and is unconformably overlain by a fluvial unit mostly composed of calcareous gravel and 475
sand topped by a prominent reddish paleosol (Van Waveren, 1989). A third stratigraphic unit476
possibly middle Pleistocene in age, consisting of alluvial-fan arenaceous gravels of gravel 477
accumulated by the paleo-Sovara creek over the former deposits, occurs only to the northwest end 478
of Anghiari (Fig. 10). Although no dating is available for these deposits, we suggest a middle 479
Pleistocene age.480
After this dominant fluvial aggradation, a succession of alluvial terraces made of gravel, 481
sand and subordinate siltfine, have developed by successive incision of the fluvial network since the 482
middle Pleistocene. Human occupationfrequentation during the lower Paleolithic of the higher, 483
stable, alluvial terrace south of Anghiari (Cocchi et al., 1978; Moroni Lanfredini, 2006) suggests an 484
early fluvial incision sincepoint to the late-middle Pleistocene as a minimum age for the beginning 485
of fluvial incision. Archaeological evidence of human settlements in the lower alluvial plain of the 486
Tiber River since the late Neolithic (Moroni Lanfredini, 2006) points to a late Holocene age for the 487
latest stages of alluvial deposition.488
489
3.3.2. Tectonic control on basin development490
The first evolutionary stages of the Arezzo and Sansepolcro basins are poorly constrained. 491
In the Arezzo basin the older sediments scarcely crop out and never occur at the basin margin, 492
preventing the observation of the relationship with the substratum. Compressive mesoscopic 493
structures (shear veins and faults) detected on the basin substratum at Sansepolcro are compatible 494
with the presence of a backthrust bounding this basin margin, and are in agreement with the other 495
backthrusts mapped in the chain (De Donatis and Mazzoli, 1994; Bortolotti et al., 2008a) (Fig. 10). 496
Seismic lines crossing the basin show that the total thickness of sedimentary infill may reach 1200 497
meters (Barchi and Ciaccio, 2004). A reinterpretation of a seismic line crossing the basin (Barchi, 498
2007) allows us to interpretimage the presence of tilted and deformed sediments (probably Pliocene 499
in age) below the flat-lying Pleistocene sediments currently exposed in the basin (Fig. 11). In 500
particular, progressive unconformities and wedging of sediments indicate a syn-depositional control 501
exerted by the neighbouringnear backthrust (Fig. 11b). Also, the seismic line imagesallows imaging502
the presence of a symmetrical basin depocentre located at 0.8 s TWT depth (approximate thickness 503
of about 1000 m; Fig. 11b). The NW-SE-trending normal faults at the northeastern Sansepolcro 504
basin margin (Tanini, 1998; Delle Donne et al., 2007) are therefore presumably superposed onto the 505
backthrust.506
507
3.3.3. Potential active tectonics508
The south western margin of the Sansepolcro basin is marked by a NW-SE-oriented, NE-509
dipping normal fault, which shows evidence of late Pleistocene-Holocene deformation, hereafter 510
referred to as Western Fault System (WFS; Fig. 10). This system may beis likely related to the low-511
angle fault imaged in seismic reflection profiles (“Alto Tiberina Fault“; Barchi et al., 1998; Boncio 512
et al., 2000; Finetti et al., 2001), perhaps representing its most recent active splay (Collettini and 513
Barchi, 2004; Collettini et al., 2006) controlling the Quaternary geology of the Upper Tiber Basin 514
(Delle Donne et al., 2007). The WFS includes two main parallel faults, the Sovara and Fighille 515
faults, cut by younger faults, the Anghiari and Citerna faults that are slightly oblique to the former 516
(Figs. 10 and 12). A straightStraight mountain front with well-developed faceted spurs, 517
characterisescharacterize the Anghiari fault (Tanini, 1998). Quaternary alluvialAlluvial fans are 518
beheaded at the base of the range front in correspondence of by a 10 m-high geomorphic scarp. 519
TheAt the base of this scarp, laterally continuous and connecting the triangular facets at their bases, 520
corresponds, in a syntectonic sedimentary wedge is visible in high-resolution shallow seismic 521
profile, to the outcrop of the Anghiari faults (Delle Donne et al., 2007). At the base of this scarp, a 522
syntectonic sedimentary wedge is also visible in the same seismic profile.523
Movement along the faults of this system determined the rotation of the intervening block. 524
Accordingly, early Pleistocene deposits dip toward the SW up to 40°. The Anghiari terrace is also 525
offset by about 30 meters by the Anghiari fault, and its surface is tilted by about 2° (Tanini, 1998). 526
This fault also affects the late Pleistocene–Holocene deposits of the Cerfone Creek that form a 527
thickening clastic wedge near Monterchi (section A-B in Fig. 12). In this area the drainage network 528
shows a localized depocentre, with centripetal drainage (e.g. Cattuto et al., 1995) (Fig. 12). The 529
drainage pattern of the Sovara and Cerfone creeks suggestsmanifest the influences of on-going 530
tectonic activity, such as like river capture by regressive erosion enhanced by hangingwall uplift or 531
the increase of meander intensitymeandering when crossing the range between the Anghiari and 532
Citerna faults (Fig. 12).533
The evolution of the WFS can be dividedframed into three main stages: (1) main 534
dislocations on the Sovara fault, (2) basinward migration of faulting on the easternmost Fighille 535
fault, and (3) development of the approximately NNW-SSE striking Anghiari and Citerna faults 536
affecting both the Anghiari range and the two previous faults (Fig. 12). Because evidence of late 537
Quaternary tectonic activity is restricted toalong the basin margins, the studied fault systems would 538
account for most of the Quaternary deformation of the Sansepolcro Basin. In particular, for the 539
Anghiari fault, approximately 190 meters of cumulative vertical displacement has been evaluated in 540
the middle Pleistocene-Present time range, resulting in an estimated slip-rate of about 0.25 mm/yr 541
(Delle Donne et al., 2007).542
Indications of recent tectonic activity on the north- eastern margin of the Sansepolcro basin 543
are not very clear. However, the stratigraphic record indicates sedimentary aggradation processes 544
along the toe of the northeastern range, with the superposition of younger fans over the older ones, 545
and thus suggesting an ongoing basin subsidence at the toe of the range (Benvenuti et al., 2004). 546
The alignment of multiple debris cones at the base of mountain slope, and an apparent vertical 547
displacement of the slope paleosurface, visible on topographic profiles (Delle Donne et al., 2007) 548
seems to support the presence of an active normal fault (Cattuto et al., 1995; Tanini, 1998; Delle 549
Donne et al., 2007).550
Boncio and Lavecchia (2000) have related historical earthquakes to the SW-dipping high-551
angle normal faults bounding the Sansepolcro basin to the northeast. However, according to our 552
survey, the WFS appears instead to be the most probable seismogenic source of the 1917 553
earthquake (Imax=X MCS; M=5.8; CPTI Working Group, 2004; Fig. 2 and Table 2). Macroseismic 554
field evidence of this such an earthquake shows in fact that the highest damaged area is located on 555
the southwestern basin margin and suggests a NW-SE orientation of the fault (Valensise and 556
Pantosti, 2001). After the occurrence of the 1917 Monterchi earthquake Oddone (1918) described 557
some NW-SE oriented co-seismic fissures formed near Monterchi along the southwestern basin 558
margin, localized into a 6 m-wide belt at least 1 km long (Fig. 12). Oddone (1918) described in 559
detail a 25 cm vertical displacement of the ground along this fissure system. The occurrence of 560
these ground fissures, restricted to the south-western basin margin, and the presence at places of a 561
component of vertical offset, may suggest the activation of the southwestern, NE-dipping fault 562
during the earthquake. Based on the Wells and Coppersmith (1994) scale relationships between 563
coseismic offset and rupture length, the dimension of the fault rupture for the earthquake would be 564
in the 10-15 km length range. 565
Both the Arezzo and the Sansepolcro basins are also controlled by NE-SW-oriented faults 566
with dominant right-lateral kinematics (Fig. 10). The NW-SE oriented border faults (West and East 567
fault systems) appear to abut against on this structure, and do not continue north-westward (Fig. 568
10). The hydrographic network is right-laterally diverted when crossing these faults, and debris 569
cones lacking a feeder drainage systemfeeding basin of at present are beheaded (Benvenuti et al., 570
2004). For example, a Noteworthy is the case of the large alluvial fan at the north-western end of 571
the Sansepolcro basin occurs, where the Tiber River shows an abrupt bend in correspondence of a 572
NE-SW-trending dextral fault (Fig. 10). 573
Right-lateral movements along NE-SW-trending faults may have controlled the 574
development of the Arezzo basin as well (Fig. 10). The Arezzo basin shows a roughly square shape 575
and occurs in the overlapping zone between main NE-trending right-stepping fault segments (Fig. 576
10). Thus, the Arezzo depression may be interpreted as a pull-apart-like basin. The late evolution of 577
Arezzo basin is inferred to have also caused the deviation of the Arno River. Evidence from 578
morphologic/hydrologic observations shows that beforeBefore the formation of this basin, the Arno 579
river flowed southward into the Chiana basin. However,, but since the middle Pleistocene the river 580
flowed northward into the upper Valdarno basin (e.g. Bartolini and Pranzini, 1981).581
582
4. Discussion583
4.1. Connecting the intermontane basins to the external active thrust fronts584
The investigated belt of the intermontane basins is located 40-50 km southwest of the 585
Apennine margin of the Po Plain, and about 90 km from the more external Ferrara thrust folds (Fig. 586
1). Both the Pede-Apennine margin and the Ferrara folds are marked by active thrusting associated 587
with compressional focal mechanism solutions (Piccardi et al., 1997; Benedetti et al., 2003; 588
Boccaletti et al., 2004; Pondrelli et al. 2006a, b; Basili and Barba, 2007). The Romagna Apennine 589
separates the intermontane basins from the Pede-Apennine margin, and its deformation style is 590
outlined here taking a wide and representative sector extending between Fontanelice and 591
Modigliana (Fig. 13).592
The general structure of the Romagna Apennine can be described as a thrust system, verging 593
to the NE, whose evolution started in the early Miocene and strongly controlled deposition in the 594
external foredeep basins (Ricci Lucchi, 1986; De Donatis and Mazzoli, 1994; Cibin et al., 2004). 595
Later, SW-verging backthrust faults are superimposed onto the former forethrusts at various scales. 596
The superposition between these oppositely verging thrusts is systematic, and consists of 597
backthrusts displacing, or folding, early forethrusts (Mercatale-Budrialto area; Fig. 13). This 598
deformation style can be identified across the whole Romagna Apennines (from the intermontane 599
basins to the Pede-Apennine front), and accords well with (1) the general attitude of strata 600
displaying a foreland (NE)-dipping monocline approaching the Pede-Apennine margin, (2) the 601
presence of overturned SW-verging folds, and (3) the systematic north-eastward tilting of NE-602
verging folds (Montanari, 2005).603
The age of backthrusts can be attributed to thew Messinian-Pliocene along the Pede-604
Apennine margin (Montanari et al., 2007), whereas the activity of backthrusts controlling the north-605
eastern margin of the Mugello, Casentino and Sansepolcro basins is constrained to the late 606
Pliocene(?)-early Pleistocene on the basis of the age of deformed sediments. The resulting scenario 607
suggests the activation of a backthrust system since the Messinian up to at least the end of the early 608
Pleistocene. This system may have propagated southeastwards, possiblyperhaps according to a 609
“passive-roof duplex” model characterising the front of several thrust belts worldwide (Banks and 610
Warburton, 1986). In this model, shortening is accommodated by deeper forethrusts, whereas 611
deformation at shallower levels is transferred hinterlandward by backthrusts (i.e., passive-roof 612
thrusts) normally localised along décollement layers. A progressive deepening of the detachment 613
level is expected to favour the new activation of backthrusts cutting the early forethrusts.614
It is noteworthy thatNoteworthy, some backthrusts of the Romagna Apennine, representing 615
potential splays to main passive-roof thrusts, have been documented to be active structures. This has 616
been suggested for the backthrust at Santa Sofia displacing late Pleistocene-Holocene alluvial 617
terraces (Marabini et al., 1985), and near Modigliana where a backfold has affected the drainage 618
pattern (Boccaletti et al., 2004) (Fig. 2). 619
If framed into a passive-roof duplex model, these backthrusts would be linked to deeper 620
active forethrusts, which however do not clearly result from the analysis of shallow seismicity (Fig. 621
4a). A speculative scenario may consider the passive-roof duplex model to represent a long-term 622
deformation in comparison to what observed from the short-term picture provided by seismicity. 623
Instead, the compressive deep earthquakes (approx 18-23 km depth), whose hypocenters are located 624
along the Romagna foothills (Figs. 3 and 4), most likely identify a crustal thrust fault surfacing at 625
the Ferrara thrust fold front (Fig. 1).626
627
4.2. Distribution of seismicity and implication for extrapolation of active structures at depth628
The analysis of the continental Mugello, Casentino and Sansepolcro basins has 629
establishedallowed establishing that these basins formed and developed under a compressive setting 630
marked by back-thrusts controlling their northeastern margins. Syndepositional back-thrust activity 631
is documented in the three basins during late Pliocene–early Pleistocene. A later extensional normal 632
faulting stage approximately started since middle Pleistocene, and locally is superimposed onto the 633
former compressive structures.634
Whereas the geometry of the NE-dipping normal fault system delimiting the south-western 635
margin of the Sansepolcro basin is constrained by the interpretation of deep seismic profile 636
CROP03 (Fig. 1; Barchi et al., 1998; Boncio et al., 2000; Finetti et al., 2001), no similar data are 637
available for the other basins. Despite this, On the other hand, field data reveal nodo not evidence of 638
any relevant normal fault in the Casentino basin, and no more than ca. 300 m of vertical throw has 639
been evaluated on the Ronta normal fault system in the Mugello basin. The extrapolation at depth, 640
or the presence, of normal faults is thus discussed hereattempted on the basis of the available 641
seismic data (both focal mechanism solutions and hypocentres of instrumental seismicity) projected 642
along three main crustal sections across the investigated basins (Fig. 14).643
In the northernmost section A-A’ (Fig. 14), no significant seismicity is recorded beneath the 644
Mugello basin, although along-strike of the basin, active extensional strain has been documented at 645
various localities by elaboration of earthquake focal mechanism solutions (Fig. 4). It is worth 646
mentioning that the presence of a NE-dipping low-angle normal fault bounding the southwestern 647
Mugello basin margin (Boncio et al., 2000) is difficult to explain, since the fault should be rooted 648
more externally, in an area characterised by the dominance of compressive focal mechanism 649
solutions (Section section A-A’, Fig. 14). The normal faults bounding the Mugello basin are thus 650
better explained as high-angle structures. Regarding the compressive seismicity, it is compatible 651
with the presence of crustal thrusts inferred from both seismic line interpretation and other 652
considerations on geophysical data (Argnani et al., 1997; Finetti et al., 2001, 2005; Boccaletti et al., 653
2004). In this scenario, the Mugello normal faults may be interpreted to represent (1) extensional 654
features accommodating the strain induced by such thrusts, or (2) the axial collapse of the Apennine 655
orogenic wedge. In both cases, the active normal faults should represent second order structures.656
On the 1st 2008 March 2008, 1st two main ML 4.2 extensional earthquakes struck the north-western 657
Mugello basin (Amato et al., 2008) supporting the interpretation of a current extensional stress 658
regime. The main shocks and their related aftershocks suggest imaged a 4 km long and 70-80° NE-659
dipping fault extending to a depth of 5-15 km beneath the main Apenninicapenninic divide to the 660
NW of the Mugello basin. The emergence at the surface of this fault coincides with the Mugello 661
back-thrust zone indicating the possible negative re-activation of portions of these back-thrust662
structures. Such a steeply (NE-) dipping normal fault may reflect the general collapse of the chain or, 663
alternatively, may be interpreted to accomplish the forward movement of a deeper lithospheric 664
thrust, in a similar fashion of the model by Avouac et al. (1992) in which normal faults form above 665
marked changes in thrust profile (i.e., above the ramp-to-flat transition). This latter interpretation is 666
supported by the occurrence of a deeperAccordingly, a 33-km deep earthquake (Mw=4.2, 33-km 667
depth; INGV, 2007) showing pure compressional focal solution, which struck the Frignano area 668
(northwest, along-strike, the Mugello basin) a few months earlier (December 28, 2007) than the 669
Mugello seismic sequence (Fig. 1).670
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No Like the Mugello, no important seismicity is documented beneath the Casentino basin671
(Section section B-B’, Fig. 14). This is consistentconforms with the observation that no relevant 672
normal faults have been detected at the surface. On the other hand, the occurrence of a 673
macroseismic epicenter in the southeastern Casentino basin (Fig. 3c) suggests the existence of 674
active recent faulting. The external sector of transect B-B’ is dominated by compressive focal 675
mechanism solutions over a wide range of hypocentral depths, mostly between 10 and 25 km. At 676
shallower levels, along the same vertical, are present extensional focal mechanisms dominate, thus677
also suggestingre-proposing the cohexistence ofand the possible relation between these two 678
contrasting faulting regimes (section B-B’, Fig. 14). Again, we suggest the The compressive 679
seismic events could record motion on active different crustal thrusts (surfacingthat are expected to 680
surface more externally, at the active thrust fronts of the Northern Apennines (such as the Pede-681
Apennine margin and/or the Ferrara folds) with ; Boccaletti et al., 2004), of which normal faulting 682
occurring asmay be the superficial accomodation.683
In contrast, numerousNumerous extensional focal mechanism solutions are instead 684
documented below the Sansepolcro basin (section C-C’; Fig. 14). The seismicity is consistent with 685
the imaged northeast dipping faults bounding the southwestern basin margin. Interestingly, 686
extensional focal mechanisms solutions seem to delineate another, more external, low–angle normal 687
fault beneath the main chain (Fig. 14). Taking into account that the Romagna Apennines have been 688
deformed by late NE-dipping back-thrusts (see Section 4.1), may be it is preliminarily proposed that 689
some of the low-angle normal faults described in this area (Boncio et al., 2000; Collettini and 690
Barchi, 20042002) could result from the extensional reactivation of these structures. Reactivation of 691
pre-existing backthrusts could represent an additional model for explaining the initiation of low-692
angle normal faults in the Northern Apennines, similarly to what described in the Basin and Range 693
Province of the Western U.S. (e.g., Smith and Bruhn, 1984). Likewise in the Mugello basin, such 694
foreland-dipping normal faults could accommodateaccomodate the forelandward movement of 695
deeper thrusts.696
697
5. Conclusive remarks698
The results of this study, integrating structural, stratigraphic and seismic data, suggestlead to the 699
following main conclusions:700
1. The internal tectono-sedimentary architecture of the investigated intermontane basins (in 701
terms of progressive unconformities and deformation characteristics of deposits) accords 702
with a compressional setting, and is not compatible with a development under an extensional 703
setting, which has been classically proposed.704
2. The tectonic evolution of these basins can be essentially framed into a two-phase faulting 705
history, specifically (1) a basin initiation under a compressional regime, and (2) a successive 706
(middle-Pleistocene to Present) normal faulting event. Such a tectonic change correlates 707
well with superposed onto the previous edifice (Mugello and Sansepolcro basins). Such a 708
tectonic change well correlates to the roughly coeval transition from the fluvio-lacustrine to 709
the alluvial sedimentation environments.710
3. The active extensional faults documented in the studied area accord well with the presence 711
of an axial extensional belt in the Apennines at upper crustal levels (e.g., Chiarabba et al., 712
2005; Pondrelli et al. 2006a, b; Basili and Barba, 2007). The results of this study suggest 713
this belt to be composed of discrete subsiding areas that appear not to be are unrelated to the 714
presence of a single NE-dipping large low-angle normal fault; the local emergence at the 715
surface of foreland-dipping normal faults may accommodate the forelandward movement of 716
deeper thrusts.717
4. The deduced chronology of deformation, as well as the geometry and extrapolation of active 718
structures at depth, may influence reconstructions of the tectonic evolution to a very large 719
extent. The initial formation of the basins by compression has an obvious influence on the 720
estimate of vertical separation and slip-rate on the late normal faults. Consequently, these 721
elements must be carefully taken into account in further estimates of seismic hazard.722
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Figure captions1061
1062
Figure 1. Simplified tectonic sketch map showing the main structural elements of the Northern 1063
Apennines. Mu, Mugello Ca, Casentino, Ss, Sansepolcro.1064
1065
Figure 2. Structural map of the external sector of the Northern Apeninnes. Boxes indicate detailed 1066
geological maps discussed in the text.1067
1068
Figure 3. (a) Focal Mechanisms from ETHZ, INGV and EMMA datasets; (b) Instrumental 1069
seismicity from the CSI 1.1 Catalog; (c) Historical seismicity from the CPTI04 Catalog. Section1070
lines and areas are displayed (see also Figure 14). Colors of focal mechanisms depends on the 1071
source (i.e. dataset) and on the depth, while colors of the CSI 1.1 catalog are only a function of the 1072
depth. The size both of focal mechanisms and hypocenters is the function of moment scalar and 1073
magnitude. INGV and ETHZ datasets include data recorded by Mediterranean VBB stations with 1074
M≥4.5 starting respectively from the 1976 and 1997 years. The EMMA dataset includes data 1075
available in papery literature. The two strongest CSI1.1 instrumental events that occurred in the 1076
examined area are the earthquakes of 2000, May 10 (at 16:52:12, Lon: 11.9325°, Lat: 44.2437°, 1077
Depth: 23.1 Km) and 2001, November 26 (at 0:56:56, Lon: 12.1087°, Lat: 43.6°, Depth: 5.5 Km) 1078
both with ML = 4.4. Also shownIn figure are also add the two focal solutions 1079
(http://mednet.rm.ingv.it/quick_rcmt.php) of recent earthquakes (2008, March 01) close to the 1080
Mugello basin (at 07:43:13, Lon: 11.31°, Lat: 44.09°, Depth: 10 Km, Mw=4.78 and 08:43:46, Lon: 1081
11.22°, Lat: 44.06°, Depth: 5 Km, Mw=4.33). “Epicenter error ellipse” represents the probability 1082
that the macroseismic epicenter being in the ellipse is 39%, while “seismogenic azimuth box std” is 1083
the standard deviation (68.27% confidence interval) in degrees, in the range [0-90] of the 1084
seismogenic box azimuth. Mu, Mugello basin; Ca, Casentino basin; Ss, Sansepolcro basin; Ar, 1085
Arezzo basin.1086
1087
Figure 4. Cumulative moment tensors computed using the Kostrov (1974) seismic moment 1088
summation method, using a regular grid with mesh of 0.125 degrees both in latitude and in 1089
longitude. A different depth for each cell is adopted: 0-10 Km (a, c and e) and 10-25 Km (b, d and 1090
f). (a, b) Frohlich ternary diagram representation with RGB colour (red corresponds to a purely 1091
compressive regime, green to strike-slip regimes, blue to purely extensional regimes and composite 1092
colors indicate mixed tectonic regimes) and plot of P (black) and T (white) axes on horizontal 1093
planes. (c, d) Focal mechanism beach balls; within each cell the plot is in the barycenter of the 1094
epicentral earthquake distribution, weighted by the earthquake magnitude. (e, f) Plot of cells on the 1095
Frohlich diagram.1096
1097
Figure 5. Geological-structural map of the Mugello Basin and surrounding substratum, and 1098
interpretative longitudinal and transverse cross sections. Note in section BB’ the sudden increase of 1099
the depth of Pre-Quaternary substratum crossing the fault system toward the west. The stereonet 1100
reports cumulative mesoscopic faults collected along the northeastern Mugello margin. The data are 1101
consistent with backthrust deformation.1102
1103
Figure 6. Deformation of early Pleistocene fluvio-lacustrine sediments near the north-eastern 1104
margin of Mugello basin. Such features are consistent with a back thrust-related deformation along 1105
this margin. (a) Near vertical-, overturned, beds of (1st sub-unitsynthem) fluvio-lacustrine deposits. 1106
(b) Progressive unconformities (oblique view) pointing to the syn-depositional growth of a backfold 1107
anticline near Ronta; 1st , first sub-unitsynthem; 3rd , third sub-unit.synthem. (c) Back fold and (d) 1108
upper part of a triangle-zone-like style along the Pesciola creek. On the fault plane are preserved 1109
coherent kinematic indicators (mainly slickenlines). Inset illustrates the overall structural 1110
kinematics and the grey box indicates the position of the outcrop. See photo point of views in Fig. 1111
5. (e) View of the backthrust bounding the Mugello basin along the northern margin. The backthrust 1112
is evidenced by morphologic scarp (denoted by the tip of white triangles) between the siliciclastic 1113
sandstones (aFC) overthrusting marls and shales (SV). Deformed late Pliocene-early Pleistocene 1114
deposits of fluvio-lacustrine Mugello basin are present to the south.1115
1116
Figure 7. (a) Digital elevation model (20m resolution) of the northern margin of the Mugello basin 1117
showing the lateral extent of the Ronta fault system (indicated by arrows). (b) Transverse 1118
topographic profile (trace indicated in a) showing the morphological expression of the Ronta 1119
normal faults displacing. Note that the displacement between erosional surfacesurfaces S1 and S2 1120
may be related to displacement along this fault system.1121
1122
Figure 8. (a) Morphotectonic map of the southern margin of Mugello basin superposed onto 1123
a Digital Elevation Model with 20 meters resolution on the horizontal scale and 1 m resolution in 1124
the vertical scale. Terrace dips are calculated over at least a 3 km map distance thus measuring 1125
differences in elevation of the order of tens of meters. The Sieve fault controls both the rectilinear 1126
mountain front and the development of a centripetal drainage network characterized by drainage 1127
diversions at both sides of the Sieve River. (b) Topographic profiles (locations in a) reveal the 1128
progressive tilting of T3 and T2 middle late Pleistocene terraces with tilts that increase 1129
progresivelyincreases toward the eastern side of the basin. (c) Interpretative cross-section 1130
constrained by stratigraphic logs (w1, w2, w3) showing the thickening of Holocene and late 1131
Pleistocene alluvial sediments toward the mountain front. (d) Along-strike steepness variation of 1132
terraces; note the abrupt steepness increase from profile 3 south-eastwards.1133
1134
Figure 9. (a) Geological-structural map of the Casentino Basin and surrounding substratum. (b) 1135
Geological cross sections. The stereonet reports cumulative mesoscopic faults collected along the 1136
northeastern Casentino margin. The data are consistent with backthrust deformation.1137
1138
Figure 10. Geological-structural map of the Arezzo-Sansepolcro basins and surrounding substratum. 1139
The stereonets report cumulative mesoscopic faults collected along the transverse fault zone 1140
connecting the Arezzo and Sansepolcro basins (1), as well as along the northeastern Sansepolcro 1141
margin (2 and 3). Faults indicate the predominance of right-lateral movements along the transverse 1142
fault zone, and the superposition, at the northeastern basin margin, of normal faults (3) onto the 1143
backthrusts (2).1144
1145
Figure 11. (a) Uninterpreted (adapted from Barchi, 2007), and (b) line-drawing of a seismic profile 1146
across the SansepolcroSanseplocro basin (trace in Fig. 10). The seismic interpretation shows that 1147
the Sansepolcro basin evolution has been controlled by a backthrust, and by successive normal 1148
faults. Light grey in the interpreted seismic section indicates a (Pliocene ?) lower 1149
seismostratigraphic basin unit. Thick grey dashing indicates the inferred basin bottom.1150
1151
Figure 12. (a) Morpho-tectonic map of the southwestern sector of the Upper Tiber basin. The 1152
mountain front of the Anghiari range is quite linear to the north, with alluvial gravel fans, faceted 1153
spurs, and tectonic terraces at its base. Stratigraphic logs in the Monterchi area reveal a local 1154
depocentre characterized by thickening of the sediment succession toward the fault trace (A-B 1155
cross-section). The hydrographic network records episodes of drainage diversion generating relict 1156
paleovalleys. Meandering channels are present between the two most recent fault segments, 1157
suggesting a possible interaction with tectonic tilting. A chronology of fault activity has been 1158
recognised: the Anghiari and Citerna faults are the most recent features, cuttingsuperimposing onto1159
the older Fighille and Sovara fault systems. 1160
1161
Figure 13. Geological map of the northern Romagna Apennines, and geological cross-section 1162
(modified from Montanari, 2005, and Montanari et al., 2007).1163
1164
Figure 14. Plot of seismicity contained in the dotted areas of Figure 3a, b projected along the solid 1165
lines A-A’, B-B’, and C-C’. For each section focal mechanisms of EMMA, ETHZ and INGV 1166
datasets, as well as the instrumental seismicity from the CSI 1.1 catalog, are represented. Colors and 1167
size symbols both of focal mechanisms and of the CSI 1.1 catalog are the same as those in Figure 3 1168
(for details see caption of Figure 3).1169
1170
Table 1. Focal Mechanisms available in the study area (Figure 3a) from ETHZ, INGV, EMMA 1171
datasets. Moment Tensor Cartesian Components (Mrr, Mtt, Mff, Mrt, Mrf, and Mtf) in Harvard 1172
convention system. Each component is scaled to M0exp. Acronyms indicate the papers from data 1173
are derived: Alb_BSGI2005= Albarello et al., 2005; Eva_GNGTS1993 = Eva and Pastore, 1993; 1174
Fre_GJI1997 = Frepoli and Amato, 1997; Gas_TPHY1985 = Gasparini et al., 1985; Pic_TN2006 = 1175
Piccinini et al., 2006; San_AGEOF2003 = Santini, 2003.1176
1177
Table 2. Historical earthquakes in the study area (Figure 3c) from CPTI Catalog. Standard 1178
deviations (std) calculated by bootstrap analysis from the macroseismic intensities (# Ints). 1179
Epicenter error ellipse are defined by calculating the eigenvalues and eigenvectors from the 1180
variance-covariance matrix.1181
1182
Table 3. Main parameters of focal mechanisms sum in the depth interval 0-10 Km. Parameters are 1183
plotted in Figure 4a, c, e. Cos(Plunge) for P and T axes is in the range [0-1] respectively for 1184
horizontal (Plunge=0°) and vertical (Plunge=90°) axis. Frohlich “h” and “v” plots are respectively 1185
the horizontal and vertical coordinates of each cell on the ternary diagram (e), with respect to the 1186
triangle centre.1187
1188
Table 4. Main parameters of focal mechanisms sum in the depth interval 10-25 Km. Parameters are 1189
plotted in Figure 4b, d, f. Cos(Plunge) for P and T axes is in the range [0-1] respectively for 1190
horizontal (Plunge=0°) and vertical (Plunge=90°) axis. Frohlich “h” and “v” plots are respectively 1191
the horizontal and vertical coordinates of each cell on the ternary diagram (f), with respect to the 1192
triangle centre.1193
1194
Table 5. Main parameters of focal mechanisms sum in the depth interval 25-50 km. Parameters are 1195
not plotted in any figure.1196
1197
Revision notes
All the suggestions have been accepted and included in new version of our manuscript suggestions. However 
somewhere we didn’t change the text as explained below:
Line 124 – “checked and in some cases corrected if misprinted or mistaken,…” has remained the same, because the 
focal solutions have been checked and only in the cases where the misprint or the mistake was clearly recognisable, 
they have been corrected.
Line 234 (now 235) – the word “strata”, as you suggested, has not been added, as we refer to a chronostratigraphic age.
Discussion about Erosional surfaces S1 and S2: we think that they are the same, and we have changed the text, the 
figures (5 and 7) and the caption of fig. 7 accordingly.
Lines 308-309 (now 310-311) – We prefer to keep this sentence 
Lines 378-379 (now 382-384) – We prefer a different paragraph to distinguish the fluvio-lacustrine succession from the 
alluvial one, but  this is not so important tu us.
Line 466 (now 467) – we use the word occupation, instead of “habitation” as you suggested, because the findings 
indicate that during the Paleolithic there were no human settlements
Lines 560-563 (now 566-569) – “Pede-Apennine” is the geographic word that is commonly in use and the area that it 
indicates is in Fig. 1.
Lines 566-569 (now 571-574) – this short description is relevant here, because it gives a synthesis of the structure of the 
Apennines in the sector where we connect structures and seismicity.
Lines 582 (now 587)-end of chapter – As you noted, this paper is based on a large amount of analytical data. However, 
we would like to try some interpretation, although separating data from speculations. In conclusion, in our opinion our
interpretations about the passive-roof duplex do not prejudice the presented data.
Line 1061 (now 1066) – in Fig. 5 the point of views are indicated by the oriented eyes near the labels referring to the 
photos of fig. 6.
Regarding the figures, we have modified, corrected and in general followed your useful suggestion. I would 
like just to underline that we used the term synthem, for the Mugello basin (fig. 5) in a strict stratigraphic sense as 
unconformity bounded unit (see for example table 1, page 10 and definition of synthem, page 48 in the International 
Stratigraphic Guide 2nd edition by Salvador, 1994). However, considering the aim of the work, we changed this word in 
a more general term as “unit”. 
We also accurately checked the reference upgrading the citations “in press” if possible, and correcting some 
mistake.
* Revision Notes
Click here to download Revision Notes: Revision notes2.doc
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Table 1
Lon
(deg)
Lat
(deg)
Depth
(Km)
Mrr Mtt Mff Mrt Mrf Mtf M0
exp
Date Time Me M0
(dyn*cm)
Reference
Acronym
11.0368 43.1184 6.32 1.4108 -1.2687 -0.1421 0.1919 -0.5702 0.617 20 9/4/1995 20:49:47 2.77 1.60E+20 Alb_BSGI2005
11.0367 43.1177 5.65 3.4521 -1.0292 -2.4229 3.09 -0.2276 2.8379 19 9/4/1995 20:50:44 2.44 5.20E+19 Alb_BSGI2005
11.0173 43.0996 6.49 1.4786 -1.5283 0.0498 0.2962 -0.3943 0.2175 20 13/4/1995 0:24:7 2.77 1.60E+20 Alb_BSGI2005
11.0162 43.1014 6.15 4.5949 -3.7553 -0.8396 0.4607 -1.9044 2.2974 19 13/4/1995 0:39:57 2.44 5.20E+19 Alb_BSGI2005
11.0157 43.1029 6.17 4.3318 -3.1433 -1.1885 0.2762 -1.8264 2.3717 20 13/4/1995 0:40:23 3.09 4.91E+20 Alb_BSGI2005
11.0145 43.1021 6.98 1.6724 -4.0854 2.413 0.3383 -2.4967 -2.8415 19 13/4/1995 0:41:34 2.44 5.20E+19 Alb_BSGI2005
11.0165 43.1012 6.14 5.7719 -7.1334 1.3615 -1.9314 -5.0926 -3.2319 19 13/4/1995 0:41:35 2.61 9.12E+19 Alb_BSGI2005
11.0168 43.0999 5.97 -2.2138 -0.0458 2.2596 0.3388 -6.3691 1.3272 19 13/4/1995 0:43:1 2.53 6.89E+19 Alb_BSGI2005
11.0165 43.1032 6.08 0.0638 -1.9926 1.9288 -0.1921 0.3562 -0.6797 20 13/4/1995 0:45:22 2.85 2.12E+20 Alb_BSGI2005
11.0175 43.0996 6.15 6.0824 -4.971 -1.1114 0.6099 -2.5209 3.0412 19 13/4/1995 0:46:58 2.53 6.89E+19 Alb_BSGI2005
11.0143 43.1026 6.3 0 -3.9256 3.9256 -2.5622 2.15 -0.6922 19 13/4/1995 1:33:20 2.44 5.20E+19 Alb_BSGI2005
11.0165 43.1022 6.77 -0.0844 -0.1147 0.1992 0.7269 -2.6916 0.1868 20 27/5/1995 15:9:40 2.93 2.80E+20 Alb_BSGI2005
11.0173 43.0977 6.18 -4.2841 1.7191 2.5649 -3.748 -7.0772 2.2496 19 25/6/1995 23:27:42 2.61 9.12E+19 Alb_BSGI2005
11.0672 43.1124 6.29 0.6264 0 -0.6264 -0.1836 -1.7211 1.0414 20 7/2/2005 16:17:5 2.85 2.12E+20 Alb_BSGI2005
11.0622 43.1161 5.13 -0.4518 -2.4447 2.8965 -1.4837 0.4126 4.1738 19 7/2/2005 16:36:20 2.44 5.20E+19 Alb_BSGI2005
11.026 43.1576 5.47 0 0 0 6.7835 0 1.1961 19 28/1/1993 14:9:39 2.53 6.89E+19 Alb_BSGI2005
11.0308 43.1494 5.91 0 3.1431 -3.1431 -2.2864 -3.2653 1.144 19 30/9/1993 0:7:30 2.44 5.20E+19 Alb_BSGI2005
11.0252 43.1429 5.93 -2.0153 -0.236 2.2513 0.6922 1.5951 -0.4708 20 20/2/1994 7:21:16 2.93 2.80E+20 Alb_BSGI2005
11.0578 43.2106 4.11 -0.0717 1.2064 -1.1347 0.0067 0.2852 -0.0358 20 18/3/1994 13:42:34 2.69 1.21E+20 Alb_BSGI2005
11.0527 43.1522 5.81 4.5949 -4.9549 0.3601 1.4697 -1.2957 -0.5842 19 16/8/1994 11:27:9 2.44 5.20E+19 Alb_BSGI2005
11.0135 43.1524 6.27 0.5981 -0.0948 -0.5032 6.2156 -2.8609 0.5639 19 8/12/1994 23:58:15 2.53 6.89E+19 Alb_BSGI2005
11.0145 43.1537 5.99 0.197 -0.4613 0.2643 0.9395 -0.2657 -0.5856 20 9/12/1994 0:9:50 2.69 1.21E+20 Alb_BSGI2005
11.0565 43.2094 4.16 -7.4202 4.194 3.2263 0.7917 4.4897 4.5634 19 30/4/1995 1:26:14 2.61 9.12E+19 Alb_BSGI2005
11.018 43.1484 6.23 0 -2.7795 2.7795 1.6047 0.9265 1.6047 20 2/5/1995 13:28:14 3.01 3.71E+20 Alb_BSGI2005
11.012 43.1526 6.4 -3.2364 -0.921 4.1574 2.0398 5.2567 -1.1616 19 19/5/1995 15:46:35 2.53 6.89E+19 Alb_BSGI2005
11.0553 43.2104 4 0.309 -4.844 4.5349 0.2419 -1.2059 -1.8713 19 27/5/1995 14:4:39 2.44 5.20E+19 Alb_BSGI2005
11.0572 43.2072 3.97 -4.4379 4.2092 0.2287 2.6754 0.141 1.0802 19 11/6/1995 7:56:19 2.44 5.20E+19 Alb_BSGI2005
11.047 43.2089 3.9 3.3917 -2.5355 -0.8562 3.0295 1.9735 5.0041 19 23/7/1995 19:25:4 2.53 6.89E+19 Alb_BSGI2005
11.054 43.2091 4.2 0.2201 -3.6305 3.4104 0.0968 -0.8706 -0.7325 20 6/10/1995 22:39:17 3.01 3.71E+20 Alb_BSGI2005
11.1248 43.1709 5.72 -1.0414 -0.8824 1.9238 -0.9623 -0.7027 -0.5207 20 16/10/1995 0:10:57 2.85 2.12E+20 Alb_BSGI2005
11.0398 43.1507 6.41 0.6087 -4.9938 4.3851 0.4245 1.8269 -1.1359 19 5/2/1996 10:31:37 2.44 5.20E+19 Alb_BSGI2005
11.0135 43.1507 6.6 0 -3.2545 3.2545 2.7309 1.5767 1.879 20 9/2/1996 21:11:22 3.09 4.91E+20 Alb_BSGI2005
11.0388 43.1562 6.84 -0.4518 2.6662 -2.2144 -2.3733 -1.0425 -3.7749 19 22/4/1996 14:23:32 2.44 5.20E+19 Alb_BSGI2005
11.028 43.1472 6.56 0.3879 -0.0354 -0.3525 -0.0381 1.117 0.2641 20 22/5/1996 8:56:57 2.69 1.21E+20 Alb_BSGI2005
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11.0262 43.1514 6.48 -0.9376 -0.3664 1.304 0.8817 0.1732 0.6233 20 4/10/1996 22:34:23 2.77 1.60E+20 Alb_BSGI2005
11.0573 43.2114 4.22 -1.5977 0.7989 0.7989 0 0 0.7989 20 2/4/1997 9:46:7 2.77 1.60E+20 Alb_BSGI2005
11.0115 43.1806 6.51 -1.722 -1.9188 3.6408 2.0384 -2.6692 5.12 19 3/4/1997 11:55:41 2.53 6.89E+19 Alb_BSGI2005
11.0123 43.1806 6.89 0.309 -3.404 3.095 -1.5012 -0.9999 3.6322 19 3/4/1997 12:32:4 2.44 5.20E+19 Alb_BSGI2005
11.049 43.2151 3.49 -5.0757 7.2357 -2.16 5.1509 3.5341 -1.6505 19 3/10/1997 12:42:59 2.61 9.12E+19 Alb_BSGI2005
11.0417 43.1497 6.29 -3.9482 -1.9956 5.9438 -3.7345 -2.6149 -5.908 19 5/2/1998 23:43:31 2.61 9.12E+19 Alb_BSGI2005
11.0237 43.1542 6.85 -4.8155 1.0972 3.7182 -0.399 -1.8603 2.0853 19 4/3/1998 5:16:44 2.44 5.20E+19 Alb_BSGI2005
11.0205 43.1424 6.7 1.0359 -3.0948 2.059 2.5712 -5.3158 2.2653 19 24/3/1998 21:53:52 2.53 6.89E+19 Alb_BSGI2005
11.0405 43.1489 6.21 0 -8.5355 8.5355 0.651 0.4558 3.1067 19 10/5/1998 19:59:50 2.61 9.12E+19 Alb_BSGI2005
11.118 43.1807 5.42 -0.2774 0.2753 0.0021 1.5675 0.1371 0.0241 20 25/5/1998 5:17:48 2.77 1.60E+20 Alb_BSGI2005
11.1165 43.1801 5.62 0 -3.2724 3.2724 -1.0383 0.727 -1.1911 20 25/5/1998 8:25:55 3.01 3.71E+20 Alb_BSGI2005
11.0275 43.1506 6.71 -3.7673 -4.9073 8.6746 4.716 1.9038 0.7153 19 10/8/1998 8:10:6 2.61 9.12E+19 Alb_BSGI2005
11.0198 43.1492 5.86 0 -4.2346 4.2346 -1.4923 -2.1313 -1.5413 19 4/10/1998 13:12:57 2.44 5.20E+19 Alb_BSGI2005
11.0563 43.2102 4.22 -0.7867 -0.5408 1.3275 -0.902 -0.5737 0.2704 20 3/8/1999 14:34:7 2.77 1.60E+20 Alb_BSGI2005
11.0223 43.1462 6.4 -1.691 -0.2568 1.9478 0.6725 1.9278 -0.5563 20 28/10/1999 15:34:14 2.93 2.80E+20 Alb_BSGI2005
11.0238 43.1461 6.39 -0.2654 -0.1865 0.4518 -0.3523 -1.0544 -0.2573 20 30/10/1999 16:26:5 2.69 1.21E+20 Alb_BSGI2005
11.0208 43.1469 6.23 -8.438 1.323 7.115 0.4124 -3.3082 -3.1997 19 30/10/1999 16:31:16 2.61 9.12E+19 Alb_BSGI2005
11.0107 43.1531 6.31 4.2346 -3.9546 -0.28 2.5506 -0.6419 -1.826 19 22/8/2000 17:15:14 2.44 5.20E+19 Alb_BSGI2005
11.0247 43.1506 6.51 -0.0638 -1.5371 1.6009 0.4045 -0.0117 1.3581 20 4/11/2000 13:7:39 2.85 2.12E+20 Alb_BSGI2005
11.0228 43.1552 6.35 3.4441 -2.311 -1.1331 4.8865 -3.4215 1.6182 19 12/12/2000 22:13:51 2.53 6.89E+19 Alb_BSGI2005
11.0268 43.1512 6.5 -4.8704 -1.0797 5.9501 -2.2959 2.2959 1.2176 20 13/8/2001 22:1:16 3.18 6.49E+20 Alb_BSGI2005
11.0552 43.2101 4.05 -2.9798 3.4914 -0.5116 0.1097 1.2349 -0.0674 21 9/11/2001 5:20:18 3.66 3.49E+21 Alb_BSGI2005
11.0913 43.1769 5.83 1.6724 0 -1.6724 3.8503 2.8967 -1.0317 19 31/3/2002 20:28:34 2.44 5.20E+19 Alb_BSGI2005
11.0892 43.1764 5.65 0 -2.0749 2.0749 0.1185 0.1412 -0.3659 20 31/3/2002 21:34:54 2.85 2.12E+20 Alb_BSGI2005
11.0612 43.2122 4.05 -6.9848 8.8277 -1.8429 2.0722 3.5891 -0.9524 19 19/10/2002 2:46:16 2.61 9.12E+19 Alb_BSGI2005
11.0012 43.1396 5.85 -0.0638 -0.297 0.3608 0.3761 -0.1493 2.0489 20 2/12/2002 15:22:35 2.85 2.12E+20 Alb_BSGI2005
11.0223 43.1524 6.52 -0.7377 -1.7401 2.4778 1.9619 3.7016 -1.2881 20 27/3/2003 7:24:41 3.09 4.91E+20 Alb_BSGI2005
11.0288 43.1574 5.4 -3.4521 0.6265 2.8256 0.3809 3.7156 1.7261 19 11/8/2003 1:22:11 2.44 5.20E+19 Alb_BSGI2005
11.02 43.1409 6.48 -1.7797 0.4449 1.3348 2.4449 4.2346 0.7706 19 10/10/2003 4:32:31 2.44 5.20E+19 Alb_BSGI2005
11.0652 43.1757 5.74 0 -4.8711 4.8711 0.3715 0.2601 1.7729 19 14/12/2003 9:41:52 2.44 5.20E+19 Alb_BSGI2005
11.034 43.1506 5.51 0 0.4518 -0.4518 1.3263 4.9499 0.7825 19 6/1/2004 0:25:37 2.44 5.20E+19 Alb_BSGI2005
11.0232 43.1461 6.33 -2.9631 -0.3284 3.2916 -2.7095 2.3363 -1.1853 20 7/2/2004 6:26:22 3.09 4.91E+20 Alb_BSGI2005
11.0572 43.2036 3.9 0 -1.0231 1.0231 0.0476 -0.1309 1.2193 20 4/6/2004 14:12:44 2.77 1.60E+20 Alb_BSGI2005
11.0505 43.2172 2.79 -0.7234 -0.9595 1.6828 -0.9033 -1.0765 -0.6002 20 3/7/2004 5:47:59 2.85 2.12E+20 Alb_BSGI2005
11.011 43.1487 5.75 -8.8431 3.8656 4.9774 -1.8879 -0.5816 4.503 19 27/2/2005 9:42:37 2.61 9.12E+19 Alb_BSGI2005
11.0312 43.1662 6.75 2.846 -2.2744 -0.5716 -5.9899 0.4581 2.1347 19 20/3/2005 15:52:42 2.53 6.89E+19 Alb_BSGI2005
11.078 43.1736 6.7 -3.9256 3.4037 0.5219 -2.4792 2.2022 -1.5643 19 4/4/2005 17:53:46 2.44 5.20E+19 Alb_BSGI2005
11.0525 43.1709 5.96 0 0.5981 -0.5981 -1.7557 -6.5523 1.0359 19 12/5/2005 20:5:4 2.53 6.89E+19 Alb_BSGI2005
11.0343 43.1502 6.6 3.1431 -4.5652 1.4221 -0.5132 -2.5045 2.042 19 20/5/2005 5:33:1 2.44 5.20E+19 Alb_BSGI2005
11.0602 43.1737 5.38 1.3633 -2.919 1.5557 3.4678 1.5305 2.5118 19 7/6/2005 7:6:12 2.44 5.20E+19 Alb_BSGI2005
11.02 43.1516 6.11 -0.5943 0.2953 0.299 0.6584 0.8168 0.3021 20 30/6/2005 12:51:12 2.69 1.21E+20 Alb_BSGI2005
11.024 43.1506 6.48 2.2138 3.1492 -5.363 3.7643 0.5126 -3.3502 19 21/7/2005 8:44:3 2.53 6.89E+19 Alb_BSGI2005
11.0107 43.1434 6.56 -0.1347 0.8987 -0.764 0.6214 -0.4518 0.4022 20 14/8/2005 23:14:36 2.69 1.21E+20 Alb_BSGI2005
11.0125 43.1497 6.07 -0.0364 1.2023 -1.1659 0.0727 -0.2192 -0.0182 20 24/8/2005 3:31:27 2.69 1.21E+20 Alb_BSGI2005
11.106 43.1922 4.67 -0.6719 0.8097 -0.1379 -0.5211 0.7212 -0.3195 20 8/9/2005 8:49:54 2.69 1.21E+20 Alb_BSGI2005
11.0405 43.2171 2.78 -0.943 0.7177 0.2253 1.6365 0.4574 -2.055 20 16/10/2005 1:24:42 2.93 2.80E+20 Alb_BSGI2005
11.073 43.1652 4.1 0.4091 -5.4535 5.0444 0.5208 1.5426 4.1374 19 13/11/2005 3:22:9 2.53 6.89E+19 Alb_BSGI2005
11.0665 43.1499 6.52 5.2036 -1.7119 -3.4916 0 0 -2.4449 19 17/12/2005 12:27:49 2.44 5.20E+19 Alb_BSGI2005
11.0092 43.2599 6.37 -5.0466 0.6842 4.3625 -0.3307 1.0099 1.8611 19 24/2/1996 14:9:36 2.44 5.20E+19 Alb_BSGI2005
11.0335 43.2506 5.55 -5.0466 5.1312 -0.0846 -0.7755 -0.7265 0.2126 19 8/7/1996 9:15:24 2.44 5.20E+19 Alb_BSGI2005
11.0198 43.2507 5.73 -5.5384 1.4211 4.1173 -2.2364 -2.4853 2.4837 20 19/1/2003 14:42:32 3.18 6.49E+20 Alb_BSGI2005
12.032 43.586 6 -6.718 0.608 6.11 -0.452 3.478 -1.677 21 26/11/2001 12:34:12 3.88 7.52E+21 ETHZ
11.95 43.887 4 -2.556 1.272 1.284 1.001 1.13 -1.248 22 26/1/2003 20:1:15 4.27 2.89E+22 ETHZ
11.97 44.078 24 2.182 -2.155 -0.027 2.603 -0.499 2.341 21 19/4/2000 20:6:48 3.7 4.04E+21 ETHZ
11.57 44.139 4 -4.748 3.021 1.727 3.362 -0.813 -3.098 21 30/4/2002 21:24:50 3.83 6.23E+21 ETHZ
12.117 44.207 18 3.269 -1.73 -1.539 1.814 1.199 2.095 22 15/7/2005 15:17:18 4.38 4.10E+22 ETHZ
11.404 44.273 21 1.199 -1.168 -0.031 0.002 -0.788 -0.645 22 15/9/2003 0:2:34 4.1 1.56E+22 ETHZ
11.962 44.337 12 0.7692 -0.4252 -0.344 0.5584 -0.1605 0.6101 23 7/5/2000 0:44:6 4.65 1.07E+23 ETHZ
11.114 44.097 10 -2.4868 0.0189 2.4678 0 -0.0868 -0.2162 22 10/7/1981 16:11 4.23 2.49E+22 Eva_GNGTS1993
11.239 44.148 10 0.2478 -0.0629 -0.1848 -0.9035 -0.503 -0.178 22 11/8/1981 17:16 3 1.07E+22 Eva_GNGTS1993
11.199 44.175 10 -2.0375 0.396 1.6416 -5.7986 -0.2508 4.6025 22 11/3/1982 8:4 4.56 7.64E+22 Eva_GNGTS1993
11.615 44.19 9 0.5421 -0.9473 0.4052 0.0775 -0.5773 0.3657 22 18/9/1982 21:59 3 1.07E+22 Eva_GNGTS1993
11.75 44.155 18 2.5899 -1.547 -1.0429 -0.5165 1.3125 -1.9405 22 28/10/1980 9:43 4.31 3.29E+22 Eva_GNGTS1993
11.848 44.155 16.2 -0.2533 -0.9988 1.2521 1.0248 -1.0784 0.0746 22 10/12/1989 3:15 4.15 1.88E+22 Eva_GNGTS1993
11.457 44.324 10 -3.2787 -0.0191 3.2978 -0.8418 -2.2519 -1.5552 22 27/6/1977 12:33 4.39 4.36E+22 Eva_GNGTS1993
11.44 44.38 12 0.8447 -0.2141 -0.6306 -0.4024 -0.3142 -0.4011 21 14/2/1980 0:9 3.58 2.64E+21 Eva_GNGTS1993
11.0333 43.2 3.3 2.4079 -3.6542 1.2463 6.3633 -1.7908 -3.4095 21 30/5/1991 0:12 3.91 8.10E+21 Fre_GJI1997
12.2833 43.3167 19.4 0.5933 -3.0033 2.41 1.1799 -1.2653 -1.2742 21 24/2/1990 5:27 3.66 3.49E+21 Fre_GJI1997
12.3167 43.4167 9.6 -0.5279 1.9269 -1.399 -2.4846 -1.6283 -0.6385 21 30/4/1994 6:3 3.66 3.49E+21 Fre_GJI1997
11.35 43.5167 8.9 -4.7578 0.1777 4.5801 0.7014 -3.7882 -0.9028 21 25/3/1994 4:8 3.82 6.12E+21 Fre_GJI1997
12.2167 43.5667 12.4 -3.7159 4.1899 -0.474 1.0494 -1.4398 -0.2067 22 17/1/1993 10:51 4.39 4.36E+22 Fre_GJI1997
12.45 43.6167 6 2.5775 -3.1062 0.5287 -5.115 1.389 -1.0493 21 26/1/1990 11:30 3.82 6.12E+21 Fre_GJI1997
12.1167 43.6333 1.6 -1.445 -0.118 1.563 -0.8438 0.0446 -0.7396 22 8/5/1990 22:33 4.15 1.88E+22 Fre_GJI1997
12.0333 43.8333 9.6 2.4414 -2.0271 -0.4143 0.5707 -0.7253 0.9969 21 14/1/1991 17:55 3.58 2.64E+21 Fre_GJI1997
11.0333 43.9667 5.8 -1.5349 1.1324 0.4026 -0.9229 0.0848 0.8799 22 23/8/1995 4:31 4.15 1.88E+22 Fre_GJI1997
11.9167 43.9667 18.6 0.7547 0.4506 -1.2054 3.6648 -0.5725 2.553 21 29/8/1992 22:18 3.74 4.63E+21 Fre_GJI1997
11.9333 43.9667 17.3 -0.4801 -0.0208 0.5009 0.4435 -0.8543 1.6758 21 23/10/1992 22:36 3.5 1.99E+21 Fre_GJI1997
11.05 44.0333 7.9 -2.6365 0.0532 2.5833 -0.7275 -2.1578 0.4556 21 14/9/1995 14:32 3.66 3.49E+21 Fre_GJI1997
11.6167 44.1 7.8 0.4294 -1.0025 0.573 0.1708 -0.5661 0.2056 22 30/7/1994 3:16 3 1.07E+22 Fre_GJI1997
11.7333 44.0333 9.4 -3.7421 0.2756 3.4665 2.0423 -1.1822 -1.6652 21 24/11/1990 18:43 3.74 4.63E+21 Fre_GJI1997
11.9167 44.0167 19.8 -0.1855 0.5493 -0.3638 0.7415 -0.3051 0.5231 22 31/12/1992 11:19 3 1.07E+22 Fre_GJI1997
12.0833 44.0833 9 0.8737 0.0392 -0.9128 -0.2204 -1.7601 0.1735 21 11/3/1993 22:35 3.5 1.99E+21 Fre_GJI1997
12.05 44.0667 11.3 0.4332 1.2319 -1.6651 -1.0855 0.5311 0.5257 21 26/12/1995 6:15 3.5 1.99E+21 Fre_GJI1997
12.0667 44.1167 4.5 1.9253 -2.3794 0.454 0.9773 1.4493 2.089 21 28/12/1995 1:24 3.66 3.49E+21 Fre_GJI1997
12.15 44.1167 11.2 4.6249 -3.5378 -1.087 0 0 1.9611 21 26/10/1991 2:25 3.74 4.63E+21 Fre_GJI1997
12.1333 44.1167 7.8 0.3101 -1.5683 1.2581 0.6748 0.6521 2.0041 21 30/10/1991 14:48 3.58 2.64E+21 Fre_GJI1997
12.2 44.0333 0.7 0 -1.4458 1.4458 -2.2232 -0.412 3.7665 21 24/2/1992 14:56 3.74 4.63E+21 Fre_GJI1997
12.1667 44.1 1 0.6009 -1.1807 0.5798 3.0734 0.9684 0.8816 21 10/5/1992 19:23 3.66 3.49E+21 Fre_GJI1997
12.1667 44.1167 9.1 3.7574 -0.0966 -3.6608 1.1285 5.8183 4.0968 21 15/10/1993 2:43 3.91 8.10E+21 Fre_GJI1997
12.1667 44.1167 3.2 -0.2361 0.7358 -0.4996 0.0063 -1.2814 2.2138 21 15/10/1993 3:0 3.58 2.64E+21 Fre_GJI1997
12.15 44.05 9.7 0.4957 0.5103 -1.0059 0.8907 -0.1263 0.837 21 15/10/1993 23:52 3.42 1.51E+21 Fre_GJI1997
12.1667 44.1167 8.2 6.8674 -3.3905 -3.4769 2.1319 1.9881 4.6696 21 5/11/1993 2:1 3.91 8.10E+21 Fre_GJI1997
12.15 44.0667 8.6 2.7919 1.475 -4.267 2.1668 0.6641 1.4714 21 8/11/1993 3:59 3.74 4.63E+21 Fre_GJI1997
12.1667 44.0667 11.6 0.91 0.2183 -1.1283 0.4948 0.5858 0.595 22 9/11/1993 13:46 4.07 1.42E+22 Fre_GJI1997
12.15 44.1167 4.5 0.769 0.3447 -1.1137 4.1555 0.3843 7.4499 20 13/11/1993 12:49 3.26 8.60E+20 Fre_GJI1997
12.1333 44.0333 6.3 1.8514 -3.0196 1.1682 1.9754 1.6117 2.8169 21 5/12/1993 15:10 3.74 4.63E+21 Fre_GJI1997
12.1333 44.0333 8 1.3926 -0.2932 -1.0994 0.166 0.1037 0.601 22 2/2/1994 10:12 4.07 1.42E+22 Fre_GJI1997
12.15 44.0667 5.7 1.4598 -1.6002 0.1404 4.0483 1.3154 7.3088 20 8/4/1994 22:20 3.26 8.60E+20 Fre_GJI1997
12.1333 44.1 1 1.9623 3.4849 -5.4472 2.755 -2.2524 -1.4084 21 5/7/1994 10:20 3.82 6.12E+21 Fre_GJI1997
12.1667 44.1167 2.5 -0.0312 0.3984 -0.3672 0.1603 -0.1253 1.0517 21 11/7/1994 21:31 3.34 1.14E+21 Fre_GJI1997
12.1667 44.1167 3.2 0.2038 1.1902 -1.394 0.6058 -0.1944 0.4043 21 20/7/1994 17:41 3.42 1.51E+21 Fre_GJI1997
12.1667 44.1167 2.6 1.9355 -0.1428 -1.7927 0.3442 -0.196 0.5732 21 21/7/1994 1:11 3.5 1.99E+21 Fre_GJI1997
12.1667 44.1 2.1 2.5085 -2.5251 0.0166 0.8936 1.3044 1.8364 21 22/7/1994 4:8 3.66 3.49E+21 Fre_GJI1997
12.15 44.1 5 -0.7779 0.1043 0.6736 -0.42 2.8936 3.5079 21 27/7/1994 20:27 3.74 4.63E+21 Fre_GJI1997
11.45 44.15 1.8 1.0138 -5.2914 4.2776 5.0471 -3.3468 -2.3105 21 27/5/1992 18:18 3.91 8.10E+21 Fre_GJI1997
11.5167 44.1333 9.1 0.5195 -0.5442 0.0248 0.9124 -0.1173 -0.1457 22 27/5/1992 18:13 3 1.07E+22 Fre_GJI1997
11.9333 44.2333 6.7 -1.3162 -1.1993 2.5155 -2.214 -0.8452 1.357 21 20/2/1992 17:10 3.66 3.49E+21 Fre_GJI1997
12.1 44.1333 7.9 0 -1.0922 1.0922 -1.6795 -0.3113 2.8454 21 4/11/1989 3:3 3.66 3.49E+21 Fre_GJI1997
12.1 44.1333 5.9 -0.1678 -5.643 5.8109 -0.984 0.4798 1.8608 21 4/11/1989 3:14 3.82 6.12E+21 Fre_GJI1997
12.1 44.1667 5.9 0.7914 -1.454 0.6626 -1.9958 -0.8808 0.7858 21 11/3/1993 22:38 3.58 2.64E+21 Fre_GJI1997
12.0333 44.15 7.5 -0.5734 0.2137 0.3597 -1.5844 0.2206 2.0385 21 30/5/1995 11:2 3.58 2.64E+21 Fre_GJI1997
12.1167 44.1833 12.5 1.9917 -1.6514 -0.3403 -1.4323 0.9528 0.7759 21 27/12/1995 19:59 3.58 2.64E+21 Fre_GJI1997
12.0667 44.1333 7.4 -0.6541 0.2149 0.4392 -0.0739 -0.7734 0.4623 22 27/12/1995 23:44 3 1.07E+22 Fre_GJI1997
12.25 44.1833 13 0.7081 -0.1 -0.6082 1.275 0.0023 1.2113 22 7/11/1993 23:21 4.15 1.88E+22 Fre_GJI1997
12.1667 44.1333 14.4 4.278 -0.0713 -4.2067 0.9912 -1.2778 0.879 21 9/11/1993 13:52 3.74 4.63E+21 Fre_GJI1997
12.1667 44.1333 9.6 3.0684 -0.8164 -2.252 1.3404 -0.689 1.5359 21 9/11/1993 19:8 3.66 3.49E+21 Fre_GJI1997
12.15 44.1333 9.2 0.4957 -0.3299 -0.1657 0.1706 0.8833 1.1263 21 12/11/1993 1:42 3.42 1.51E+21 Fre_GJI1997
12.1667 44.15 15 -0.7511 -0.3551 1.1062 0.5168 0.2293 -0.135 21 13/11/1993 9:23 3.34 1.14E+21 Fre_GJI1997
12.1667 44.1333 9.6 1.0381 0.266 -1.3041 -0.53 -2.8002 1.631 21 13/11/1993 16:11 3.66 3.49E+21 Fre_GJI1997
12.15 44.15 13.2 0.1784 0.08 -0.2583 0.9639 0.0891 1.728 21 14/11/1993 8:43 3.5 1.99E+21 Fre_GJI1997
12.15 44.1333 7.6 0.4841 -0.9747 0.4905 0.6613 -0.5028 -0.9307 21 11/7/1994 21:57 3.42 1.51E+21 Fre_GJI1997
12.25 44.1667 8.5 -0.444 1.8745 -1.4305 0.6181 1.55 1.1416 21 19/7/1994 18:43 3.58 2.64E+21 Fre_GJI1997
12.2167 44.15 5.7 0.3827 3.5176 -3.9002 -1.17 -0.6104 2.4046 21 22/7/1994 10:25 3.74 4.63E+21 Fre_GJI1997
12.2833 44.2 10.3 0 0.5131 -0.5131 3.2507 -0.2558 3.2394 21 5/11/1993 1:58 3.74 4.63E+21 Fre_GJI1997
11.4833 44.25 18.3 5.0996 -0.5211 -4.5786 -2.8075 -5.6154 -1.6246 21 16/8/1992 10:29 3.91 8.10E+21 Fre_GJI1997
11.5167 44.3333 2.6 4.0866 -3.809 -0.2776 -3.0837 -3.0873 -1.6722 21 2/7/1992 19:43 3.82 6.12E+21 Fre_GJI1997
12.0167 44.4167 14.1 0.233 -0.6489 0.4158 -0.569 -0.3145 0.6356 22 3/4/1992 21:23 3 1.07E+22 Fre_GJI1997
12.49 43.23 33 -1.1628 0.6009 0.5619 0.3549 0.8217 -1.151 23 12/2/1971 4:54 4.8 1.77E+23 Gas_TPHY1985
12.48 43.3 10 -0.09 -0.24 0.33 5.52 -6.89 0.23 22 22/6/2000 12:16:31.7 4.93 8.83E+22 INGV
12.1 43.6 10 -8.25 -0.56 8.8 -4.3 9.77 -2.22 23 26/11/2001 0:56:55 4.44 1.38E+23 INGV
12.14 43.64 10 -4.55 1.99 2.56 2.29 0.35 -2.8 22 2/10/1997 19:38:2.2 4.74 5.36E+22 INGV
12.05 43.76 7 -1.94 0.99 0.94 -0.54 0.29 -0.27 22 21/2/2002 14:36:11.9 4.64 1.70E+22 INGV
12.23 43.78 11 -6 4.6 1.4 -0.65 -0.38 -1.63 22 5/7/1987 13:12:36.9 4.64 5.69E+22 INGV
11.96 43.88 6 -1.18 0.27 0.92 -0.03 -0.23 -0.65 23 26/1/2003 19:57:3.2 4.83 1.27E+23 INGV
11.95 43.88 7 -6.42 3.79 2.63 0.93 5.03 -2.97 22 26/1/2003 20:15:3.1 4.83 7.92E+22 INGV
12.34 43.98 10 1.91 -1.85 -0.06 2.71 0 -1.52 22 1/8/2000 2:34:29.9 4.64 3.63E+22 INGV
11.22 44.06 5 -2.19 1.92 0.27 1.7 1.01 -2.04 22 1/3/2008 8:43:46 4.35 3.51E+22 INGV
11.31 44.09 10 -1.26 1.15 0.11 1.01 0.43 -0.29 23 1/3/2008 7:43:13 4.35 1.65E+23 INGV
11.81 44.02 10 5.77 -4.25 -1.52 3.17 0.4 3.34 22 16/4/2006 21:15:1 4.25 6.94E+22 INGV
11.92 44.02 33 0.96 -0.79 -0.17 0.86 1.67 3.76 22 25/1/1999 22:45:57.7 4.93 4.30E+22 INGV
11.42 44.24 20 8.77 -9.57 0.8 2.43 -1.73 -1.88 23 14/9/2003 21:42:53.4 5.71 9.84E+23 INGV
11.97 44.14 10 1.76 -1.27 -0.49 0.46 -0.98 0.72 22 6/5/2000 22:7:0.6 4.64 2.03E+22 INGV
12 44.2 10 2.65 -1.84 -0.81 1.26 -0.66 1.32 22 9/5/2000 17:51:19 4.15 3.05E+22 INGV
12.02 44.24 10 2.51 -1.44 -1.07 0.1 -0.45 1.04 22 2/5/2000 8:48:47.4 4.64 2.45E+22 INGV
12.18 44.16 9 2.48 -1.83 -0.65 -0.2 -0.66 0.81 22 7/12/2003 10:20:33 4.93 2.44E+22 INGV
11.9 44.3 10 1.06 -0.32 -0.74 0.18 -0.44 0.39 23 8/5/2000 12:30:0 4.44 1.12E+23 INGV
11.9 44.3 10 2.2 -1.52 -0.68 0.23 0.06 1.08 23 10/5/2000 16:52:9 4.64 2.24E+23 INGV
11.91 44.34 10 2.23 -2.22 -0.01 0.35 0.77 0.63 22 11/5/2000 11:57:15 4.74 2.46E+22 INGV
11.95 44.35 10 4.39 -4.06 -0.33 0.25 -0.33 1.07 22 12/5/2000 11:26:38.1 4.64 4.39E+22 INGV
11.99 44.46 35 0.21 1.74 -1.95 -7.57 -2.38 -6.52 23 5/12/1978 15:39:4 4.74 1.04E+23 INGV
11.4305 44.2227 18.3 -1.8248 0.4587 1.3661 -2.5283 -1.9041 1.0065 20 19/09/2003 2:42:25.72 2.3 3.71E+20 Pic_TN2006
11.4148 44.2328 19.37 2.5598 -2.486 -0.0738 0.3234 -0.4312 0.5537 20 18/9/2003 18:29:2.36 3 2.64E+21 Pic_TN2006
11.4345 44.2415 18.91 1.3002 -1.3002 0 -0.7507 -0.4732 -0.2732 19 18/9/2003 20:49:9.44 2 1.60E+20 Pic_TN2006
11.4095 44.2248 17.64 1.0294 -1.0257 -0.0037 0.5226 -0.3017 0.1918 18 18/9/2003 22:11:18.54 1.9 1.21E+20 Pic_TN2006
11.4373 44.232 20.32 -0.3513 -1.0419 1.3931 -0.7831 -0.6027 -0.0363 19 18/9/2003 22:41:57.61 2 1.60E+20 Pic_TN2006
11.4373 44.232 20.32 -0.5135 0 0.5135 -1.1822 -0.8894 0.3168 19 18/9/2003 22:41:57.61 2 1.60E+20 Pic_TN2006
11.4528 44.2257 18.71 0.6526 2.815 -3.4676 -2.8113 -2.4226 -0.3263 19 18/9/2003 23:59:50.93 2.4 4.91E+20 Pic_TN2006
11.3788 44.2218 17.7 -0.5465 0.4098 0.1366 -1.3002 -0.7507 0.2366 19 19/9/2003 2:10:3.86 2 1.60E+20 Pic_TN2006
11.4333 44.2258 18.6 -1.3785 0.6272 0.7513 -2.1307 -1.0849 0.8317 19 19/9/2003 2:20:52.93 2.2 2.80E+20 Pic_TN2006
11.424 44.2192 17.88 0 -0.6488 0.6488 -4.2817 -7.4161 -0.3746 19 19/9/2003 3:22:19.57 2.6 8.60E+20 Pic_TN2006
11.397 44.2125 16.84 0.2654 -0.7805 0.5151 0.2051 -0.4565 -0.8567 18 19/9/2003 6:16:11.96 1.9 1.21E+20 Pic_TN2006
11.397 44.2125 16.84 0 -0.764 0.764 0.7083 -0.5943 -0.1347 18 19/9/2003 6:16:11.96 1.9 1.21E+20 Pic_TN2006
11.397 44.2125 16.84 0 -0.2064 0.2064 0.9106 -0.764 -0.0364 18 19/9/2003 6:16:11.96 1.9 1.21E+20 Pic_TN2006
11.3943 44.2158 18.41 -0.0638 0.0318 0.032 -0.1795 -2.0985 0.1843 19 19/9/2003 9:27:25.4 2.1 2.12E+20 Pic_TN2006
11.405 44.2127 16.96 0.3724 -0.228 -0.1444 -1.3715 -2.407 -0.2398 19 19/9/2003 10:11:5.38 2.2 2.80E+20 Pic_TN2006
11.3773 44.2198 16.33 0.8899 0.1495 -1.0394 -0.5183 -5.0206 0.8092 18 19/9/2003 12:55:53.76 1.6 5.20E+19 Pic_TN2006
11.3773 44.2198 16.33 0.5808 0 -0.5808 -0.3474 -3.294 3.971 18 19/9/2003 12:55:53.76 1.6 5.20E+19 Pic_TN2006
11.3962 44.2137 18.48 0.6719 -0.2113 -0.4606 -0.8068 0.5585 0.3741 18 19/9/2003 22:52:20 1.9 1.21E+20 Pic_TN2006
11.3962 44.2137 18.48 0.5943 -0.9072 0.3129 -0.6808 0.4344 -0.4093 18 19/9/2003 22:52:20 1.9 1.21E+20 Pic_TN2006
11.3962 44.2137 18.48 0.6719 -0.6309 -0.0409 -0.7483 0.6347 0.2616 18 19/9/2003 22:52:20 1.9 1.21E+20 Pic_TN2006
11.4382 44.2203 18.65 -1.0723 2.0642 -0.9919 -1.586 -1.0729 -0.9869 19 20/9/2003 1:5:30.66 2.2 2.80E+20 Pic_TN2006
11.3662 44.2077 17.56 3.4407 -3.0382 -0.4025 -0.5701 -0.2075 -1.1058 20 20/9/2003 1:31:32.08 3.1 3.49E+21 Pic_TN2006
11.4082 44.2195 18.28 1.1501 -1.1885 0.0384 -1.0604 -0.2286 0.0875 19 20/9/2003 16:12:34.25 2 1.60E+20 Pic_TN2006
11.4287 44.214 17.06 0.465 -1.0897 0.6247 -0.4277 -0.7656 1.6754 19 21/9/2003 3:51:52.73 2.1 2.12E+20 Pic_TN2006
11.4287 44.214 17.06 1.0414 0.3183 -1.3597 -1.0809 -1.3234 -0.1898 19 21/9/2003 3:51:52.73 2.1 2.12E+20 Pic_TN2006
11.4275 44.2193 18.91 4.6098 -4.8942 0.2844 -0.3071 -1.146 0.125 19 21/9/2003 12:53:35.47 2.4 4.91E+20 Pic_TN2006
11.3808 44.212 16.99 3.9224 -0.9471 -2.9753 -3.56 -3.6788 -1.8426 19 21/9/2003 13:11:37.81 2.5 6.49E+20 Pic_TN2006
11.3808 44.212 16.99 3.8107 -3.0925 -0.7183 -2.4921 -4.2808 -2.3094 19 21/9/2003 13:11:37.81 2.5 6.49E+20 Pic_TN2006
11.452 44.2365 19.11 -2.7627 0.0513 2.7114 -7.0951 -2.7452 2.9193 19 25/9/2003 13:16:21.28 2.6 8.60E+20 Pic_TN2006
11.452 44.2365 19.11 -2.5461 4.492 -1.9458 -6.5639 -2.5315 -3.0291 19 25/9/2003 13:16:21.28 2.6 8.60E+20 Pic_TN2006
11.452 44.2365 19.11 3.2925 -5.0186 1.7261 5.3678 2.3986 4.4523 19 25/9/2003 13:16:21.28 2.6 8.60E+20 Pic_TN2006
11.4597 44.2267 19.13 1.3228 -0.6956 -0.6272 1.3375 -0.5095 0.7834 20 25/9/2003 15:54:35.03 2.9 1.99E+21 Pic_TN2006
11.4235 44.2137 17.94 -1.1105 1.7727 -0.6622 -5.6664 -2.7507 -0.2967 19 26/9/2003 16:26:40.27 2.5 6.49E+20 Pic_TN2006
11.4542 44.2302 18.97 -1.6201 0.1085 1.5116 -0.3519 -1.3131 0.405 19 30/9/2003 12:23:9.1 2.1 2.12E+20 Pic_TN2006
12.245 43.678 5 -3.9444 3.5475 0.3969 2.3579 -0.3321 -1.2527 21 27/12/2000 - 3.74 4.63E+21 San_AGEOF2003
12.062 43.842 5.9 -2.1479 0.5348 1.6131 0.115 1.3147 -1.214 21 22/11/1991 20:0 3.58 2.64E+21 San_AGEOF2003
12.083 43.79 8 -1.751 1.9454 -0.1944 1.4151 0.6837 -1.0258 21 22/2/2000 - 3.58 2.64E+21 San_AGEOF2003
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08/11/1483 19:40 44.156 4.193 12.229 3.805 5.68+-0.14 Romagna Merid. 14 034+-075 8.2+-1.7 6.4+-0.7 4.200 7.855 3.797 97.855
01/20/1505 23:50 44.454 14.856 11.701 19.865 4.89+-0.24 Bolognese 11 122+-050 2.8+-0.9 3.6+-0.6 23.075 123.609 9.110 33.609
06/13/1542 02:15 44.006 0.589 11.385 1.388 5.95+-0.03 Mugello 46 092+-020 11.7+-0.6 7.8+-0.2 1.404 99.437 0.549 9.437
09/10/1584 20:30 43.862 3.404 11.992 2.781 5.8+-0.13 Appennino Tosc-
Em.
17 139+-086 9.5+-1.6 7+-0.6 4.249 141.629 1.127 51.629
08/03/1597 23:40 43.987 0.686 11.429 0.782 5.18+-0.06 Mugello 24 144+-051 4.1+-0.3 4.4+-0.2 0.850 123.692 0.599 33.692
03/22/1661 12:50 44.021 2.442 11.898 2.325 6.08+-0.14 Appennino Rom. 77 143+-086 14+-2.9 8.6+-0.9 2.958 137.602 1.620 47.602
04/11/1688 11:00 44.390 4.344 11.942 2.826 5.78+-0.14 Romagna 40 053+-004 9.3+-1.8 6.9+-0.7 4.602 22.723 2.381 112.723
10/29/1725 17:40 44.206 4.594 11.573 1.762 5.43+-0.1 Appennino Tosc-
Em.
28 002+-048 5.8+-0.9 5.3+-0.4 4.605 175.625 1.731 85.625
04/15/1762 18:00 44.004 3.163 11.506 2.993 5.11+-0.08 Mugello 12 130+-005 3.8+-0.3 4.2+-0.2 3.166 173.019 2.990 83.019
10/19/1768 23:00 43.939 0.908 11.901 0.806 5.87+-0.05 Appennino Rom. 45 105+-060 10.6+-0.7 7.4+-0.3 0.951 29.260 0.755 119.260
06/04/1779 07:00 44.444 3.954 11.551 6.613 5.24+-0.14 Bolognese 12 114+-088 4.5+-0.7 4.6+-0.4 7.063 112.980 3.078 22.980
06/10/1779 08:35 44.416 15.531 11.559 10.398 4.86+-0.2 Bolognese 10 131+-056 2.7+-0.7 3.5+-0.5 16.380 157.630 9.009 67.630
07/14/1779 19:30 44.460 16.443 11.433 22.043 5.23+-0.16 Bolognese 17 163+-061 4.4+-0.9 4.6+-0.5 26.001 124.291 9.041 34.291
11/23/1779 18:00 44.425 16.270 11.619 18.359 4.99+-0.15 Bolognese 14 129+-038 3.2+-0.6 3.9+-0.4 23.181 130.502 8.113 40.502
04/04/1781 21:20 44.251 1.433 11.798 0.94 5.94+-0.07 Romagna 96 152+-071 11.5+-1 7.8+-0.4 1.520 156.991 0.792 66.991
07/17/1781 09:40 44.266 2.367 11.990 2.583 5.58+-0.08 Romagna 46 135+-001 7.1+-0.7 6+-0.3 3.152 130.955 1.531 40.955
09/30/1789 10:00 43.505 1.700 12.208 1.242 5.86+-0.06 Val Tiberina 53 149+-020 10.4+-0.9 7.3+-0.3 2.009 145.866 0.630 55.866
02/05/1796 02:00 43.538 1.364 11.868 0.553 5.02+-0.04 Aretino 10 173+-071 3.3+-0.2 3.9+-0.1 1.370 173.884 0.536 83.884
05/26/1798 00:00 43.342 0.905 11.416 3.965 4.9+-0.11 Siena 14 090+-035 2.8+-0.4 3.6+-0.3 4.005 81.799 0.709 171.799
09/11/1812 12:00 43.659 1.319 11.140 0.907 5.16+-0.1 Valle del Pesa 13 036+-024 4+-0.5 4.4+-0.3 1.346 164.856 0.866 74.856
09/21/1813 07:45 44.249 6.483 11.972 11.401 5.27+-0.1 Romagna Centrale 12 120+-062 4.7+-0.6 4.7+-0.3 13.117 119.617 0.071 29.617
10/04/1834 19:00 44.480 6.966 11.390 5.047 4.86+-0.12 Bolognese 12 064+-065 2.7+-0.4 3.5+-0.3 7.337 156.601 4.495 66.601
10/25/1843 03:22 44.072 5.352 11.144 6.152 5.16+-0.15 Vernio 14 141+-060 4+-0.9 4.4+-0.5 7.314 128.459 3.601 38.459
05/09/1861 01:53 43.003 2.752 11.999 3.17 4.93+-0.08 Citta' della Pieve 27 091+-010 2.9+-0.3 3.7+-0.2 3.238 111.104 2.672 21.104
10/16/1861 00:00 44.231 5.231 12.124 5.453 5.1+-0.09 Forli' 10 142+-059 3.7+-0.5 4.2+-0.3 5.627 123.695 5.045 33.695
03/15/1864 00:00 44.337 4.805 11.059 2.302 4.9+-0.09 Zocca 12 140+-030 2.8+-0.3 3.6+-0.2 4.826 6.132 2.256 96.132
06/25/1869 00:00 44.314 6.691 11.116 4.288 5.25+-0.09 Vergato 16 061+-078 4.5+-0.6 4.7+-0.3 6.884 163.240 3.969 73.240
10/30/1870 18:34 44.133 1.952 12.062 2.881 5.58+-0.07 Romagna 41 117+-071 7.1+-0.6 6+-0.3 3.073 114.258 1.632 24.258
10/07/1874 00:00 44.164 5.757 11.579 4.805 5.01+-0.07 Imolese 45 004+-070 3.3+-0.3 3.9+-0.2 6.467 145.765 3.797 55.765
03/12/1878 21:36 44.424 3.921 11.633 3.134 5.05+-0.09 Bolognese 30 087+-005 3.5+-0.4 4+-0.3 4.222 28.973 2.713 118.973
06/04/1878 14:40 44.276 8.675 11.422 8.627 4.65+-0.09 Bolognese 13 067+-059 2+-0.2 3+-0.2 10.485 44.643 6.301 134.643
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04/27/1879 04:06 44.168 4.896 11.586 6.629 5.05+-0.2 Valle del Senio 20 000+-006 3.5+-0.9 4+-0.6 6.647 83.998 4.873 173.998
01/24/1881 16:14 44.401 9.983 11.409 4.546 5.16+-0.13 Bolognese 38 012+-058 4+-0.7 4.4+-0.4 10.454 18.239 3.319 108.239
01/25/1881 07:06 44.417 14.398 11.489 6.361 4.73+-0.11 Bolognese 18 145+-062 2.3+-0.3 3.2+-0.2 14.419 3.434 6.324 93.434
02/12/1881 00:00 44.270 6.736 11.958 9.179 4.95+-0.18 Russi 13 046+-058 3+-0.7 3.8+-0.5 10.102 60.737 5.252 150.737
02/14/1881 09:00 44.405 5.521 11.559 6.461 4.93+-0.11 Bolognese 21 127+-065 2.9+-0.3 3.7+-0.3 7.831 128.532 3.306 38.532
09/28/1881 00:00 44.143 5.754 12.189 10.112 4.82+-0.22 Cesena 24 000+-080 2.5+-0.7 3.4+-0.5 11.050 64.689 3.633 154.689
09/30/1887 15:52 43.973 9.321 11.900 2.579 4.81+-0.14 Faenza 10 172+-050 2.5+-0.5 3.4+-0.4 9.355 174.941 2.455 84.941
03/08/1889 02:57 44.355 12.170 11.372 2.995 4.72+-0.12 Bolognese 34 013+-028 2.2+-0.4 3.2+-0.3 12.185 177.078 2.935 87.078
11/21/1892 00:00 43.480 3.375 12.273 5.561 4.49+-0.16 Citta' di Castello 22 101+-007 1.6+-0.4 2.7+-0.3 5.593 97.600 3.323 7.600
05/18/1895 19:55 43.703 0.950 11.264 2.309 5.43+-0.01 Firenze 388 070+-033 5.8+-0.1 5.3+-0 2.385 74.700 0.738 164.700
09/04/1895 13:30 44.027 1.080 11.819 3.204 4.56+-0.2 Valle del Montone 14 107+-017 1.8+-0.6 2.8+-0.5 3.314 105.115 0.671 15.115
12/18/1897 07:24 43.496 1.918 12.378 3.961 5.13+-0.06 Appennino Umb.-
Mar.
96 088+-071 3.9+-0.4 4.3+-0.2 3.975 84.542 1.889 174.542
06/26/1899 23:17 43.958 1.656 11.117 1.363 5.06+-0.02 Valle del Bisenzio 108 027+-057 3.5+-0.1 4.1+-0.1 1.992 37.305 0.796 127.305
06/27/1902 16:48 43.642 2.127 11.855 3.129 4.64+-0.16 Casentino 13 122+-048 2+-0.4 3+-0.3 3.271 110.968 1.901 20.968
04/21/1906 06:35 43.446 3.507 11.137 3.774 4.5+-0.14 Val d'Elsa 24 012+-030 1.6+-0.3 2.7+-0.3 4.108 127.122 3.110 37.122
08/25/1909 00:22 43.139 3.710 11.331 3.582 5.58+-0.03 Toscana Merid. 202 070+-024 7.1+-0.3 6+-0.1 4.037 40.534 3.209 130.534
02/19/1911 07:18 44.117 1.498 12.075 4.304 5.26+-0.02 Romagna Merid. 136 089+-030 4.6+-0.1 4.7+-0.1 4.308 87.298 1.486 177.298
09/13/1911 22:29 43.399 5.647 11.332 6.434 5.28+-0.13 Chianti 59 132+-006 4.7+-0.7 4.8+-0.4 6.474 102.997 5.600 12.997
07/21/1913 22:35 44.041 10.271 11.762 8.205 4.68+-0.09 Valle del Lamone 34 007+-046 2.1+-0.3 3.1+-0.2 10.736 24.300 7.588 114.300
03/26/1915 23:37 43.078 1.826 12.463 5.441 4.6+-0.13 Assisi 36 106+-041 1.9+-0.3 2.9+-0.3 5.478 97.061 1.710 7.061
04/26/1917 09:35 43.467 1.896 12.129 1.049 5.91+-0.07 Val Tiberina 130 157+-047 11.2+-1 7.6+-0.4 2.105 153.399 0.513 63.399
12/02/1917 17:39 44.059 16.487 11.829 5.699 5.03+-0.11 Galeata 32 162+-067 3.4+-0.4 4+-0.3 16.515 3.550 5.608 93.550
11/10/1918 15:12 43.917 2.113 11.933 1.762 5.88+-0.07 Appennino Rom. 188 151+-049 10.7+-0.9 7.5+-0.4 2.402 145.025 1.343 55.025
02/13/1919 02:20 43.112 3.358 12.287 3.871 4.7+-0.12 Lago Trasimeno 18 163+-070 2.2+-0.3 3.1+-0.3 4.950 130.290 1.330 40.290
06/29/1919 15:06 43.957 1.090 11.482 0.908 6.29+-0.14 Mugello 507 080+-036 18.7+-2.9 10.1+-0.9 1.334 38.188 0.483 128.188
10/25/1919 13:51 43.570 5.707 12.132 3.584 4.89+-0.06 Monterchi 30 013+-069 2.8+-0.2 3.6+-0.1 6.097 23.510 2.868 113.510
04/10/1929 05:43 44.426 1.892 11.556 2.953 5.17+-0.08 Bolognese 72 121+-085 4.1+-0.4 4.4+-0.2 3.157 113.827 1.527 23.827
04/19/1929 04:15 44.483 1.057 11.249 2.631 5.25+-0.09 Bolognese 69 053+-080 4.6+-0.5 4.7+-0.3 2.648 82.974 1.014 172.974
04/20/1929 01:09 44.478 1.116 11.215 1.49 5.43+-0.02 Bolognese 690 065+-035 5.8+-0.1 5.3+-0.1 1.643 60.107 0.875 150.107
04/22/1929 08:25 44.477 2.690 11.175 4.456 5.04+-0.06 Bolognese 35 022+-037 3.4+-0.3 4+-0.2 4.765 113.222 2.094 23.222
04/29/1929 18:35 44.489 4.370 11.190 6.449 5.06+-0.08 Bolognese 30 080+-063 3.5+-0.4 4.1+-0.2 6.463 85.160 4.351 175.160
05/11/1929 19:22 44.481 1.716 11.176 2.528 5.2+-0.05 Bolognese 52 059+-051 4.2+-0.3 4.5+-0.2 2.528 90.262 1.716 0.262
07/18/1929 21:02 43.988 4.126 11.507 5.302 4.99+-0.08 Mugello 56 034+-074 3.2+-0.3 3.9+-0.2 5.337 79.877 4.082 169.877
04/05/1931 13:34 44.192 2.767 11.708 4.152 4.54+-0.16 Faentino 14 057+-027 1.7+-0.3 2.8+-0.3 4.943 56.777 0.678 146.777
09/05/1931 01:26 44.057 6.305 11.367 4.521 4.66+-0.18 Firenzuola 24 005+-056 2+-0.5 3+-0.4 6.512 19.190 4.216 109.190
06/05/1935 11:48 44.260 5.572 11.876 4.141 4.98+-0.13 Faentino 27 153+-052 3.1+-0.5 3.8+-0.4 6.247 148.874 3.026 58.874
02/11/1939 11:17 44.002 3.957 11.431 6.081 4.92+-0.14 Marradi 29 062+-080 2.9+-0.5 3.7+-0.3 6.923 59.800 2.175 149.800
01/31/1940 11:00 43.361 2.830 11.388 5.991 4.38+-0.14 Siena 28 071+-080 1.4+-0.3 2.5+-0.3 6.103 77.817 2.578 167.817
06/13/1948 06:33 43.598 3.646 12.127 1.944 5.11+-0.06 Val Tiberina 15 148+-031 3.7+-0.3 4.2+-0.2 4.012 154.492 0.987 64.492
07/04/1952 20:35 43.980 2.516 11.882 1.926 5.02+-0.03 Appennino Rom. 64 006+-054 3.3+-0.1 3.9+-0.1 2.516 179.900 1.926 89.900
05/26/1956 18:40 43.939 0.977 11.896 1.424 4.97+-0.03 Appennino Rom. 76 117+-044 3.1+-0.1 3.8+-0.1 1.603 120.088 0.642 30.088
04/17/1957 02:22 43.937 4.801 11.942 1.847 4.68+-0.12 S. Sofia 14 159+-035 2.1+-0.3 3.1+-0.2 4.873 169.546 1.649 79.546
03/24/1959 10:24 43.698 4.026 11.296 8.444 4.84+-0.16 Fiorentino 21 047+-064 2.6+-0.5 3.4+-0.4 8.762 73.258 3.275 163.258
10/29/1960 00:09 43.982 1.843 11.403 5.535 4.96+-0.11 Mugello 30 108+-048 3.1+-0.4 3.8+-0.3 5.634 101.141 1.516 11.141
08/09/1963 06:05 44.101 14.170 11.938 5.903 4.8+-0.19 Faentino 16 020+-034 2.5+-0.6 3.4+-0.5 14.686 16.020 4.474 106.020
09/05/1964 21:09 44.138 2.909 11.233 2.094 4.4+-0.07 Roncobilaccio 22 034+-056 1.4+-0.1 2.5+-0.1 3.038 21.714 1.901 111.714
08/11/1969 13:55 43.036 2.372 12.226 1.571 4.99+-0.04 Trasimeno 46 090+-069 3.2+-0.2 3.9+-0.1 2.413 166.359 1.506 76.359
02/09/1970 07:39 44.002 3.248 11.901 4.736 4.54+-0.07 Mercato Saraceno 20 142+-084 1.7+-0.2 2.8+-0.1 4.778 100.164 3.187 10.164
11/24/1985 06:54 43.910 6.348 11.997 11.575 4.59+-0.12 App. Forlivese 29 013+-049 1.8+-0.3 2.9+-0.3 12.721 115.560 3.536 25.560
07/05/1987 13:12 43.740 4.244 12.303 5.418 4.7+-0.12 Valmarecchia 81 128+-080 2.2+-0.3 3.1+-0.2 6.454 125.783 2.394 35.783
01/14/1991 07:38 43.802 3.949 11.914 3.321 4.47+-0.05 Aretino 56 021+-080 1.6+-0.1 2.6+-0.1 4.041 159.508 3.208 69.508
04/17/1992 11:59 44.489 1.619 11.062 2.409 4.17+-0.1 Monteveglio 25 063+-019 1+-0.2 2.1+-0.2 2.415 84.592 1.611 174.592
01/17/1993 10:51 43.584 5.973 12.318 3.96 4.37+-0.06 Pesarese 34 002+-067 1.4+-0.1 2.4+-0.1 6.025 9.871 3.881 99.871
10/02/1997 19:38 43.668 6.750 12.284 5.018 4.6+-0.07 Alta Val Tiberina 51 155+-090 1.9+-0.2 2.9+-0.2 7.909 33.988 2.859 123.988
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11.062 43.062 11.025 43.105 6.195 0.9289 -1.0615 0.1326 0.0627 -0.916 0.4671 21 1.55E+21 205.15 11.342 0.339538 98.183 55.496 0.495255 0.278859 -0.01105
11.062 43.188 11.041 43.169 5.592 -0.2869 -0.2329 0.5198 0.7414 0.0819 -0.3079 22 1.05E+22 166.058 44.104 0.992603 55.988 19.497 0.797628 -0.15548 0.055936
11.062 43.312 11.021 43.253 5.869 -6.5477 2.0026 4.5451 -2.347 -2.457 2.6911 20 7.42E+20 321.902 75.498 0.995026 123.746 13.809 0.322308 -0.38832 -0.292
12.312 43.438 12.317 43.417 9.6 -0.5279 1.9269 -1.399 -2.4846 -1.6283 -0.6385 21 3.49E+21 300.95 42.04 -0.36301 175.039 33.044 -0.05725 -0.05692 -0.05303
11.312 43.562 11.35 43.517 8.9 -4.7578 0.1777 4.5801 0.7014 -3.7882 -0.9028 21 6.12E+21 260.024 70.499 0.18575 78.997 19.498 0.797024 -0.33234 -0.33036
12.062 43.562 12.032 43.586 6 -6.718 0.608 6.11 -0.452 3.478 -1.677 21 7.60E+21 89.249 75.786 0.925752 255.292 13.81 0.321362 -0.39209 -0.3019
12.438 43.562 12.45 43.617 6 2.5775 -3.1062 0.5287 -5.115 1.389 -1.0493 21 6.12E+21 357.928 30.191 0.339015 211.166 55.177 0.197815 0.157803 -0.19578
12.062 43.688 12.117 43.633 1.6 -1.445 -0.118 1.563 -0.8438 0.0446 -0.7396 22 1.88E+22 349.246 62.087 0.735188 247.168 6.325 0.999126 -0.35343 -0.05495
12.188 43.688 12.245 43.678 5 -3.9444 3.5475 0.3969 2.3579 -0.3321 -1.2527 21 4.62E+21 178.798 73.853 0.02557 17.686 15.319 -0.9253 -0.36848 -0.28666
12.062 43.812 12.057 43.803 7.582 -2.0857 1.0353 1.0404 -0.3299 0.4173 -0.3943 22 2.16E+22 53.469 81.553 0.991767 225.771 8.372 -0.49516 -0.46551 -0.32193
11.062 43.938 11.033 43.967 5.8 -1.5349 1.1324 0.4026 -0.9229 0.0848 0.8799 22 1.88E+22 26.08 68.295 0.682193 149.844 12.474 0.995737 -0.34705 -0.1648
11.938 43.938 11.953 43.882 5.734 -2.0776 0.7762 1.3114 0.1631 0.386 -1.0718 23 2.16E+23 126.866 79.716 -0.38445 232.471 2.794 -0.9402 -0.48471 -0.22841
11.062 44.062 11.05 44.033 7.9 -2.6365 0.0532 2.5833 -0.7275 -2.1578 0.4556 21 3.49E+21 295.151 69.247 0.991306 101.979 20.252 0.167558 -0.31227 -0.29417
11.188 44.062 11.22 44.06 5 -2.19 1.92 0.27 1.7 1.01 -2.04 22 3.58E+22 133.652 53.802 -0.92303 30.133 9.708 -0.96016 -0.27924 0.018233
11.562 44.062 11.617 44.1 7.8 0.4294 -1.0025 0.573 0.1708 -0.5661 0.2056 22 1.07E+22 190.673 10.289 -0.64923 91.56 41.103 -0.9658 0.19457 0.156556
11.688 44.062 11.733 44.033 9.4 -3.7421 0.2756 3.4665 2.0423 -1.1822 -1.6652 21 4.62E+21 189.334 68.198 0.608174 63.098 13.303 0.740737 -0.34108 -0.17095
12.062 44.062 12.075 44.1 6.7 2.799 -2.3402 -0.4588 0.7569 -0.3108 2.2625 21 3.95E+21 213.491 6.788 0.875264 357.478 81.629 0.998627 0.466844 -0.28338
12.188 44.062 12.156 44.089 4.998 3.6389 -0.8528 -2.7861 1.6644 1.252 3.6209 22 5.57E+22 232.435 0.139 0.990355 322.642 56.164 0.926923 0.362141 0.03712
11.438 44.188 11.45 44.15 1.8 1.0138 -5.2914 4.2776 5.0471 -3.3468 -2.3105 21 8.10E+21 177.649 28.281 -0.99998 64.418 36.246 0.117413 0.050396 0.061967
11.562 44.188 11.567 44.153 7.082 0.5868 -1.1894 0.6027 1.3261 -0.7759 -0.0898 22 1.93E+22 187.905 29.418 -0.41426 56.319 49.65 0.816495 0.127603 -0.10611
11.938 44.188 11.933 44.233 6.7 -1.3162 -1.1993 2.5155 -2.214 -0.8452 1.357 21 3.49E+21 5.006 44.39 0.918034 115.419 19.61 0.72453 -0.15658 0.051805
12.062 44.188 12.081 44.143 6.895 -0.6491 -0.5826 1.2317 -0.6983 -0.8226 1.2154 22 2.23E+22 14.064 33.651 -0.61649 118.202 20.149 0.268034 -0.08498 0.16312
12.188 44.188 12.183 44.145 8.476 2.9825 -1.4763 -1.5062 -0.091 -0.8769 1.5009 22 3.18E+22 226.502 5.435 0.661345 112.438 76.866 0.102838 0.446154 -0.2111
11.562 44.312 11.517 44.333 2.6 4.0866 -3.809 -0.2776 -3.0837 -3.0873 -1.6722 21 6.12E+21 332.058 22.223 -0.97324 119.742 64.199 0.202245 0.262978 -0.22172
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12.312 43.312 12.283 43.317 19.4 0.5933 -3.0033 2.41 1.1799 -1.2653 -1.2742 21 3.49E+21 170.636 13.196 0.808246 73.443 28.105 -0.9857 0.092924 0.274815
12.438 43.312 12.48 43.3 10 -0.09 -0.24 0.33 5.52 -6.89 0.23 22 8.94E+22 229.244 44.918 0.593253 53.505 45.003 0.522767 0.00056 -0.315736
12.062 43.562 12.1 43.6 10 -0.825 -0.056 0.88 -0.43 0.977 -0.222 24 1.42E+24 57.537 63.896 0.48525 253.698 25.203 0.997533 -0.246971 -0.277716
12.188 43.562 12.217 43.567 12.4 -3.7159 4.1899 -0.474 1.0494 -1.4398 -0.2067 22 4.36E+22 252.64 69.102 0.999915 4.917 8.236 -0.37279 -0.380827 -0.142632
12.188 43.688 12.14 43.64 10 -4.55 1.99 2.56 2.29 0.35 -2.8 22 5.46E+22 155.01 67.662 0.117486 45.254 7.907 -0.05299 -0.374907 -0.124754
12.188 43.812 12.23 43.78 11 -6 4.6 1.4 -0.65 -0.38 -1.63 22 6.07E+22 316.953 84.447 -0.93014 202.463 2.308 -0.67222 -0.517492 -0.278516
11.938 43.938 11.925 43.967 17.972 0.2746 0.4298 -0.7045 4.1083 -1.4268 4.2288 21 6.62E+21 222.133 30.162 0.311594 331.591 29.821 -0.02413 -0.002154 0.109659
12.312 43.938 12.34 43.98 10 1.91 -1.85 -0.06 2.71 0 -1.52 22 3.77E+22 157.704 23.83 0.264856 23.237 57.768 0.344273 0.212711 -0.147651
11.062 44.062 11.114 44.097 10 -2.4868 0.0189 2.4678 0 -0.0868 -0.2162 22 2.49E+22 274.928 88.989 0.519607 84.996 0.996 0.543664 -0.562953 -0.331306
11.312 44.062 11.31 44.09 10 -1.26 1.15 0.11 1.01 0.43 -0.29 23 1.76E+23 142.531 64.687 -0.28053 5.669 19.041 0.98173 -0.284384 -0.185565
11.812 44.062 11.81 44.02 10 5.77 -4.25 -1.52 3.17 0.4 3.34 22 6.97E+22 210.793 11.182 0.185348 331.799 69.006 0.994061 0.359776 -0.162499
11.938 44.062 11.946 44.051 22.119 0.0327 0.3338 -0.3665 1.0018 -0.355 0.7572 22 1.41E+22 226.324 33.292 -0.30056 343.02 34.378 -0.98393 0.006877 0.030841
12.062 44.062 12.05 44.067 11.3 0.4332 1.2319 -1.6651 -1.0855 0.5311 0.5257 21 1.99E+21 74.436 18.304 0.854839 177.427 34.198 -0.93607 0.099971 0.172648
12.188 44.062 12.159 44.091 11.408 1.3725 -0.1355 -1.237 0.4948 0.5858 0.7911 22 1.74E+22 64.577 5.922 0.935479 322.416 63.785 0.57912 0.366576 -0.071547
11.188 44.188 11.215 44.164 10 -1.7897 0.3331 1.4568 -6.7021 -0.7538 4.4245 22 8.33E+22 20.901 43.368 0.817179 144.157 30.137 0.287743 -0.083684 -0.036747
11.312 44.188 11.366 44.208 17.56 3.4407 -3.0382 -0.4025 -0.5701 -0.2075 -1.1058 20 3.49E+20 340 5 0.283662 160 85 -0.98438 0.512478 -0.333297
11.438 44.188 11.419 44.223 18.348 0.8775 -0.9574 0.0799 0.2427 -0.1735 -0.1878 24 1.01E+24 171.268 6.443 0.987257 57.024 74.623 0.714264 0.42555 -0.192419
11.688 44.188 11.75 44.155 18 2.5899 -1.547 -1.0429 -0.5165 1.3125 -1.9405 22 3.29E+22 137.011 5.023 0.30564 236.946 63.005 0.985047 0.368501 -0.058664
11.812 44.188 11.848 44.155 16.2 -0.2533 -0.9988 1.2521 1.0248 -1.0784 0.0746 22 1.88E+22 197.328 38.623 0.602722 79.471 30.321 0.458112 -0.052559 0.015586
11.938 44.188 11.984 44.168 10 4.41 -3.11 -1.3 1.72 -1.64 2.04 22 5.02E+22 214.273 13.967 0.169347 52.542 75.323 0.997172 0.386199 -0.291357
12.062 44.188 12.081 44.212 13.491 5.9782 -3.3351 -2.643 1.7708 0.8443 3.2126 22 6.54E+22 220.903 3.67 -0.86361 323.529 73.645 -0.18142 0.442 -0.167382
12.188 44.188 12.186 44.155 13.856 1.0786 -0.1346 -0.9441 1.5222 -0.0936 1.4585 22 2.38E+22 226.351 17.933 0.608557 337.519 48.133 -0.53261 0.190698 0.023578
12.312 44.188 12.283 44.2 10.3 0 0.5131 -0.5131 3.2507 -0.2558 3.2394 21 4.62E+21 219.843 29.904 0.058836 329.157 29.904 0.058836 0.000001 0.111413
11.438 44.312 11.448 44.284 16.254 -1.5697 -1.2392 2.8089 -1.1206 -3.6014 -2.3627 22 5.22E+22 317.201 44.315 0.945163 74.257 24.98 0.988358 -0.122215 0.004611
11.938 44.312 11.925 44.326 10.402 4.6912 -2.8932 -1.798 1.0284 -0.4965 2.2501 23 4.83E+23 217.814 6.716 0.907789 14.949 82.717 0.510018 0.477588 -0.304333
11.438 44.438 11.44 44.38 12 0.8447 -0.2141 -0.6306 -0.4024 -0.3142 -0.4011 21 1.00E+21 303.928 14.739 -0.56615 157.456 72.485 -0.97404 0.359171 -0.246395
12.062 44.438 12.017 44.417 14.1 0.233 -0.6489 0.4158 -0.569 -0.3145 0.6356 22 1.07E+22 19.437 18.303 0.85432 122.425 34.195 -0.93501 0.099961 0.172686
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12.438 43.188 12.49 43.23 33 -1.1628 0.6009 0.5619 0.3549 0.8217 -1.151 23 1.77E+23 126.953 54.994 0.016128 227.014 6.976 0.769451 -0.30515 0.020449
11.938 44.062 11.92 44.02 33 0.96 -0.79 -0.17 0.86 1.67 3.76 22 4.30E+22 44.053 5.89 0.923693 310.807 28.759 -0.88483 0.142699 0.31844
11.938 44.438 11.99 44.46 35 0.021 0.174 -0.195 -0.757 -0.238 -0.652 24 1.10E+24 316.587 32.387 0.564414 202.684 32.571 0.403851 0.00117 0.059285
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